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ABSTRACT 
 
 
 Farming has been identified since the late 1930s as one of the most hazardous 
occupations in the world, but in general has the least regulation and laws to protect 
agricultural workers.  Several studies have found a higher prevalence of hearing loss 
among farmers as compared to their non-farming peers.  The purpose of this case-control 
study was to examine the relationship between unintentional injury and hearing threshold 
levels (HTLs) among male principal operators (PO) living and working on central Ohio 
cash-grain farms using data from the Ohio Farm Family Health Survey (OFFHS).  Five 
hundred ten male POs participated in Phase 2 of this study where hearing threshold levels 
were used to assess the risk between HTLs and injury risk.  The most noteworthy result 
was that thresholds poorer than 25 dB for 6000 Hz in the left ear resulted in an OR of 
3.35 (p=0.01, 95% CI=1.29-8.73) increased risk for injury compared to those subjects 
with thresholds 25 dB or better for 6000 Hz in the left ear after controlling for several 
potential confounders using multivariable logistic regression.  Other significant findings 
for injury risk for those with >25 dB HTLs were the right, left, and binaural threshold at 
6000 Hz, left high-frequency pure tone average, and binaural 500 Hz and 1000 Hz.  
Based on the p-value and 95% CI, four final ORs were found to be statistically significant 
(Lt 500, Lt 1000, Lt 6000, Bi 1000).   Hearing conservation programs as well as 
audiometric testing at 6000 Hz for this population will help to reduce the incidence of 
hearing loss, therefore, likely reducing injury risk among agricultural populations.              
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CHAPTER 1 
 
Introduction 
 
AGRICULTURE AND INJURIES 
 
Farming has been considered since the late 1930’s as one of the most hazardous 
occupations in the world, but has the least regulation and laws to protect farmers (Schenker, 
1996).  Several studies have shown that farmers have a higher prevalence of noise-induced 
hearing loss compared to their age-comparable non-farming peers (Thelin et al., 1983; Marvel et 
al., 1991; Plakke and Dare, 1992; Gomez, et al., 2001; McBride et al., 2003).  For example, Kerr 
McCullagh, Savik, and Dvorak (2003) studied the hearing thresholds levels (HTLs) of farmers 
and construction workers.  They reported that 67% of farmers in their sample had hearing 
thresholds greater than 25 dB at 4000 Hz, which is suggestive of noise-induced hearing loss.  In 
contrast, Karlovich, Wiley, Tweed, and Jensen (1988) found no significant difference in HTLs 
between farmers and non-farmers in a rural area in Wisconsin.  The key principal finding was 
that males in rural areas had poorer thresholds compared to females in the same rural area.  
Crawford et al. (1998) found the one-year incidence of male principal operators (POs) who 
experienced an injury was 5.0 per 100 person-years.  Browning, Truszczynska, Reed, and 
McKnight (1998) examined farmers and found an injury rate of 9.0 per 100 farmers.  Park et al. 
(2001) found a cumulative incidence of 10.5% in their study of Iowa farmers.  Lyman, McGwin, 
Enochs, and Roseman (1999) estimated the injury rates of both black and white farmers.  They 
found that 23.4% of the 1,310 farmers had experienced a farm-related injury.  White farmers had 
a higher percentage of injuries compared to black farm workers or black farm owners.  Farms 
with fewer than 11 employees do not have any governing body to enforce safety laws, unlike 
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other occupational settings or larger farms that require adherence to Occupational Safety and 
Health Administration (OSHA) safety laws (Schenker, 1996).  Possibly due to this lack of 
oversight supervision, work-related injuries have not declined as in other industries that have 
regulations implemented by Federal and state governing bodies (Schenker, 1996).   
A small number of previous studies have examined injuries in farming populations with 
respect to hearing loss as a potential risk for agriculture-related injuries (Browning et al., 1998; 
Crawford et al., 1998; Lewis et al., 1998; Hwang et al., 2001; Sprince et al., 2003; Choi et al., 
2005; Sprince et al., 2007).  Most of these studies relied on self-report of hearing loss as opposed 
to audiometic assessment of hearing threshold levels.  Choi et al. (2005) examined associations 
between self-report of hearing loss and audiometric findings and the relationship of both to 
injury risk.  It was reported that self-report of hearing loss had higher injury risk compared to 
those farmers with hearing loss, classified by their audiometric data.  Crawford et al. (1998) 
found that age (under 30) was a significant factor for injuries among Ohio farmers in addition to 
self-report of hearing loss.    
OCCUPATIONAL INJURY AND NOISE 
Research has also been performed examining hearing acuity and injury risk in other 
occupational settings such as firemen and steelworkers.  Hearing loss was found to be a 
significant risk factor for injury in a number of studies (Zwerling et al., 1997; Barreto, 
Swerdlow, Smith, & Higgins, 1997; Zwerling et al., 1998; Ide, 2007).  Although most of these 
studies found hearing loss to be a significant risk factor when examining the self-report of 
hearing loss, Ide (2007) examined the audiometric thresholds of firefighters to determine hearing 
loss as a significant risk factor. Ide (2007) found that 0.09% of injuries occurred with firefighters 
who had hearing loss, which revealed no significance of hearing loss to injury risk.   
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OTHER RISK FACTORS FOR INJURY RISK 
Limited research has also investigated other noise related factors which may explain 
injuries.  Viljoen, Nie, and Guest (2006) found no association between hearing loss and injury 
risk but, they did find that accidents occurring to coal-miners with a known hearing loss under 
the age of 29 may have been influenced by their hearing loss.  This significant risk factor may be 
due to the fact that younger workers have not yet acclimated to their environment and rely more 
on their senses, as compared to their well-acclimated and older co-workers.  Moll van Charante 
and Mulder (1990) examined how the work environments affect employees with respect to injury 
risk.  It was found that in quiet working conditions (<82.5 dBA) or in low job-related hazards, 
injuries increased for men with hearing loss compared to those men without hearing loss (OR 
1.90).  Noise levels greater than 82.0 dBA in the work environment contributed significantly to 
the risk of injury for male shipyard workers (OR 1.81).   
HEARING ACUITY AND NOISE DEFINITIONS 
Normal hearing is defined as thresholds less than or equal to 25 dB from 250 Hz to 8000 
Hz (ASHA, 1990).  Thresholds that are greater than 25 dB, indicates a hearing loss.  Three 
different types of hearing loss can occur:  conductive, sensorineural, or mixed.  The audiometric 
indication of a conductive hearing loss is normal bone conduction thresholds with pure-tone air 
conduction thresholds poorer than 25 dB and an air-bone gap greater than 10 dB.  Sensorineural 
hearing loss is indicated through audiometry by pure-tone air and bone conduction thresholds 
poorer than 25 dB with no air-bone gap greater than 10 dB.  The audiometric indication of a 
mixed hearing loss is pure-tone air and bone conduction poorer than 25 dB with an air-bone gap 
greater than 10 dB.  The type, degree, and configuration of the hearing loss are determined by 
audiometry.  Excessive noise exposure may cause a sensorineural hearing loss, which is 
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characterized by a high-frequency hearing loss with a noise notch present between 3000-6000 
Hz.  It is often accompanied by tinnitus and loudness recruitment (Cooper & Owen, 1976; Ward, 
1979).   
NOISE-INDUCED HEARING LOSS PREVENTION 
 Engineering, education, and enforcement are methods used to prevent noise-induced 
hearing loss.  Engineering strides to reduce machine noise to safer output levels have been done, 
but farmers do not always have the need or desire to upgrade to this safer equipment.  Because 
enforcement by OSHA is not required for farms with fewer than 11 workers (Schenker, 1996), 
enforcement cannot be utilized effectively to reduce the incidence of noise-induced hearing loss 
among small farm populations.  Education of farm families and their employees can be an 
effective way to prevent hearing loss.  Previous research has shown that only 17% of the farmers 
interviewed wear hearing protective devices (HPD) when exposed to loud noises (McCullagh, 
Lusk, & Ronis, 2002).  Wilkins et al. (1998) found that of the 1700 respondents questioned, 2/3 
of them never wear hearing protection when around loud farm machinery and noise.  Jenkins et 
al. (2007) found that only 30% of the farmers interviewed wear hearing protection consistently 
when exposed to loud noises.  In addition, 33.8% of the women helping on the farm more than 
20 hours a week wear hearing protection compared to those women helping with farm chores 
less than 20 hours a week (24.6%) (Meeker, Carruth, & Holland, 2002).  Jenkins et al. (2007) 
found that after intervention and education to farm families and employees, use of HPDs 
increased significantly.        
 Many of the previous studies have utilized self-report questionnaires to report hearing 
loss or only examined the threshold level at one frequency in one ear.  The purpose of this case-
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control study was to examine the relationship between injury and (HTLs) among male POs living 
on Ohio cash-grain farms using data from the Ohio Farm Family Health Survey (OFFHS). 
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CHAPTER 2 
 
Methods 
 
The data were collected during the multi-phase Ohio Farm Family Health Survey 
(OFFHS) sponsored by the National Institute for Occupational Safety and Health (NIOSH), 
which was part of a larger nationwide effort focusing on agricultural safety and health.  In Phase 
1 of the study, 4860 questionnaires were sent out in June 1993 to cash-grain farmers in Ohio.  
The questionnaire (Appendix 1) was based upon several survey instruments including the 
National Center for Health Statistics’ (NCHS) National Health Interview Survey and NCHS’s 
Third National Health and Nutrition Examination Survey (NHANES III) (Crawford, 1995; 
Wilkins et al., 1997; Wilkins, 1997).  Of the 4860 questionnaires sent out, 2571 questionnaires 
were filled out; 1793 of these were fully completed and considered “usable.”  Following Phase 1, 
eligible Phase 1 responders from 20 Central Ohio counties were asked to participate in Phase 2.  
Phase 2 consisted of in-home health screenings conducted by a specially-trained nurse who 
measured height and weight and conducted audiometry and spirometry according to standard 
procedures.   
AUDIOMETRIC ASSESSMENT 
The “exposure” variable of interest in this study was hearing threshold levels (HTLs) as 
determined by standard audiometric procedures.  Audiometry was conducted with the Earscan 
Acoustic Impedence MP Audiometer (Model ES-TRAM, Microaudiometrics, South Daytona, 
FL) and TDH-39 headphones.  Pure-tone air conduction thresholds were tested at the following 
frequencies: 500 Hz, 1000 Hz, 2000 Hz, 3000 Hz, 4000 Hz, 6000 Hz, and 8000 Hz in each ear.  
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Audiometers were self-checked weekly with annual calibrations in accordance with ANSI 
Standard S3.6-1989.  The audiometry testing took place in a quiet location in the home of the 
participant.  Background noise was assessed during follow-up testing with the Quest Electronics 
Bio-Acoustic Simulator and Octave Monitor (Model BA-201-25, Oconomowoc, WI.)  Using 
these threshold levels, calculations were made using formulas and methods to help determine the 
risk for injury based on these thresholds.  In addition to ear-specific results, several other means 
were obtained as well, including the binaural average, the low frequency pure tone average 
(LTPA), and high frequency pure tone average (HPTA).  The LPTA was defined as the mean of 
the HTLs obtained at 500 Hz, 1000 Hz, and 2000 Hz.  The HPTA was defined as the mean of the 
HTLs obtained at 3000 Hz, 4000 Hz, and 6000 Hz.  These definitions are based on NCHS’s 
Third National Health and Nutrition Examination Survey (NHANES III) (Niskar et al., 1998).  
The poorer ear was also determined for each frequency.        
CASE SELECTION 
 
 Case selection identification was based on the response to the following Phase 1 
question:  “During the past 12 months, have you, a family member, or any other person who 
regularly lives or works on this farm had an injury for which the injured person saw or talked to 
a medical doctor or assistant, or the injured person cut down on their usual activities for more 
than half a day?”.  Of all the male POs from the 20 county central Ohio area who participated in 
the Phase 2 data collection effort (n=510), 51 male POs answered yes to having an injury within 
the year preceding questionnaire administration.   
CONTROL SELECTION 
 
 Controls were also male POs who participated in both Phase 1 and Phase 2 of the study, 
with the exception that they did not answer yes to the question given above.   Using this 
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criterion, 459 male POs satisfied inclusion criterion as controls.  Therefore, the control group 
was male PO farmers with no reported injury over the past year after questionnaire 
administration.  No matching of cases to controls was performed.       
INJURY CODING 
 
 The injuries were recorded and coded into the database using codes from the 
International Classification of Diseases-9 (ICD-9).  The reported injuries were classified by the 
external cause of the injury (E-code) to describe the surroundings during the time of the injury 
and the nature of the injury (N-code) to describe the body part affected.    
POTENTIAL CONFOUNDERS 
A list of potential confounders were determined based on previous research (Crawford, 
1995; Wilkins et al., 1997).  Based on this list, means and standard deviations (SD), and crude 
ORs were estimated and tabulated for descriptive purposes and to assist in the identification of 
confounders.  Confounding variables of interest fall into three categories:  Sociodemographic, 
Behavioral, and Farm Characteristics.  Sociodemographic variables included age, marital status, 
education, race and ethnicity.  Behavioral variables included alcohol consumption in the past 
year, alcohol consumption in the PO’s lifetime, any form of tobacco use in the past year, current 
smoker, and smoking in the PO’s lifetime.  Farm characteristic variables included total number 
of animals, annual gross sales, days spent on someone else’s farm, and the percentage of time 
spent farming.      
STATISTICAL ANALYSIS 
 
 For this study, SPSS 16.0 was used for statistical computing.  The first part of the study 
was to select the case and control groups.  Of all the male POs from the 20 county central Ohio 
area who participated in the Phase 2 data collection effort (n=510), 51 male POs answered yes to 
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having an injury within the year preceding questionnaire administration.  Using this criterion, 
459 male POs satisfied inclusion criterion as controls.  Following this, SPSS was used to obtain 
statistical analysis on the two groups.  Descriptive case-control comparisons were made by using 
logistic regression modeling, which produced the measure of association of interest, the odds 
ratio (OR).  The first step in estimating the ORs was to generate tables for the various exposure 
variables and potential confounders by case-control status.  “Exposures” in this context were the 
ear specific HTLs of the frequencies assessed by audiometry, the binaural averages, and the 
“poorer ear.”  The exposure variables were treated as continuous variables and then also 
categorized.  For the categorized HTLs, a >25 dB fence was used.  This is based on ASHA 
(1997), NIOSH, and OSHA’s definition of  “normal hearing.”  After calculating the crude ORs 
for the various frequency-specific HTLs, adjusted odds ratios (aORs) were estimated by adding 
age into the model.  Other potential confounding variables were then added into the model in the 
way suggested by Hosmer & Lemeshow (2000).  Using a p-value of 0.05 as the definition of 
statistically significant, ORs were calculated to determine the full model between HTLs and 
injury risk.  Hosmer-Lemeshow goodness of fit test was used to determine the fit for the full 
model between HTLs and injury risk.    
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CHAPTER 3 
Results 
CASE AND CONTROLS 
 During Phase 2 of the OFFHS study, 1252 subjects participated in the home-health 
screenings and on-farm hazard assessments.  Of these 1252 subjects, 520 (40.7%) subjects were 
principal operators (PO).  Of these 520 POs, 10 were female and were excluded for the purposes 
of this study.  The other 732 participants were female, children, or another male who was not the 
principal operator and therefore, were excluded from the data analysis.  The 510 male POs were 
the participants that were used for the purpose of this study.  Of these 510 male POs, 51 
responded yes to the injury question, as previously described and therefore, made up the case 
group.  The control group was comprised of the other male POs (n=510-51=459).   
DESCRIPTION OF INJURIES 
Table 1 presents the frequency distribution of the external causes of the injuries (E-
codes).  Of the 51 injuries reported, 16 were falls (31.4%), accounting for the majority of the 
injury causes, followed by 13 from overexertion or straining (25.5%), and 10 due to farm 
machinery (19.7%).  Other external causes of injuries were 3 being struck by an animal (5.8%), 2 
by tools or sharp objects (3.8%), and 2 by a motor vehicle accident (3.8%).  Five of the 51 
injuries were caused by being struck against or being caught by an object (2%), a foreign body in 
the eye (2%), fire (2%), an arthropod bite or sting (2%), or unspecified (2%).   
Table 2 summarizes the frequency distribution for the nature of the injury (N-codes).  
Sprains and strains (n=17) contributed to the majority of the nature of the injuries (33.3%) 
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followed by 8 fractures (15.6%), and 6 open wounds (11.8%), superficial injuries and contusions 
(11.8%), and other and/or unspecified injuries or multiple sites (11.8%).  Other types of injuries 
found among the cases were four dislocations (7.8%), two injuries due to foreign bodies in the 
eye (3.9%), one burn (2%), and one arthropod bite or sting (2%).    
 
 
Table 1:  Description of Cases by Number and Frequency of ICD-9 E-Codes (External Cause of 
Injury Codes) 
E-Code         Description Cases
    n % 
E880.9-E888 Falls 16 31.4 
E927 Overexertion or straining 13 25.5 
E919.0 Farm machinery 10 19.7 
E919.2-E920.9 Tools or other sharp objects 2 3.8 
E906.8 Other specified injury by an animal 3 5.8 
E812.0-E822.7 Motor vehicle mishap 2 3.8 
E916-E918 Struck against or by or caught by object 1 2.0 
E928.9 Unspecified 1 2.0 
E914 Foreign body in eye 1 2.0 
E893.2-E896 Fire 1 2.0 
E905.3-E906.4 Arthropod bite or sting 1 2.0 
     Total           51 100.0 
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Table 2:  Description of Cases by Number and Frequency of ICD-9 N-Codes (Nature of Injury) 
N-Code Description Cases   
                                 n % 
N840.9-N849.8      Sprains and strains 17 33.3 
N802.8-N829.0    Fractures 8 15.6 
N873.4-N892.0 Open wounds 6 11.8 
N959.1-N959.8       Other and unspecified, and 
multiple sites 6 11.8 
N915.8-N924.9    Superficial injuries and 
contusions 6 11.8 
N831.0-N839.8         Dislocations 4 7.8 
N930.9           Foreign body in eye 2 3.9 
N942.0-N946.0    Burns 1 2.0 
N910.4-N913.4 Arthropod bites or stings 1 2.0 
     Total                           51 100.0 
 
BASIC AUDIOMETRIC FINDINGS 
 
 During the Phase-2 health assessment conducted in-home by a nurse, pure-tone 
audiometry and tympanometry was performed.  Frequency and ear-specific results are 
summarized in Tables 3 and 4.  In addition to ear-specific results, several different means were 
obtained.  For both cases and controls, the audiometric HTLs tended to increase (worsen) from 
500-6000 Hz (Tables 3 and 4).  Overall, the control group had poorer HTLs than the case group 
at all frequencies.  At all frequencies, the left ear was poorer than the right ear.  The three-
frequency low pure-tone average (LPTA) for the right ear was higher (poorer) for the cases (16.2 
dB) compared to the control group (14.9 dB) (Table 3).  The left ear LPTA displayed similar 
results; the cases’ LPTA was 17.5 dB and the controls’ was slightly better at 16.0 dB (Table 4).  
The right ear HPTA mean was 35.7 dB (SD=19.5) for the cases, which was slightly better than 
the mean for the controls (37.2 dB, SD=21.1) (Table 3).  The left ear mean HPTA for the cases 
(40.2 dB, SD=18.1) was equal when compared to the control group (40.0 dB, SD=20.8) (Table 
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4).  Clinically, there was no significant difference between the case and control groups for the 
HTLs.      
 
 
Table 3:  Right Ear Mean HTLs by Frequency and Case-Control Status   
Cases Controls 
Frequency (Hz) n=51 Median Mean SD n=459 Median Mean SD 
500  15 15.4 11.8  10 13.7 11.6
1000  10 14.5 12.5  10 13.0 13.0
2000  10 18.7 18.7  10 18.0 17.2
3000  20 28.7 23.2  25 31.0 23.0
4000  35 38.2 21.4  40 38.0 23.1
6000  40 42.8 23.9  40 45.0 23.0
8000  25 31.1 19.7  30 32.7 20.7
LPTA  12 16.2 12.6  12 14.9 12.1
HPTA  32 35.7 19.5  33 37.2 21.1
 
 
Figure 1:  Right Ear Mean HTLs by Frequency and Case-Control Status 
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Table 4:  Left Ear Mean HTLs by Frequency and Case-Control Status 
 
  Cases Controls 
Frequency (Hz) n=51 Median Mean SD n=459 Median Mean SD 
500  15 16.5 12.0  10 13.9 10.9 
1000  10 15.9 13.7  10 13.6 13.6 
2000  15 20.1 18.7  15 21.1 19.8 
3000  30 34.5 21.8  30 35.0 23.3 
4000  45 39.8 23.5  40 39.9 22.3 
6000  55 48.2 20.8  45 47.9 23.2 
8000  30 33.3 21.0  30 33.5 21.1 
LPTA  12 17.5 13.5  12 16.0 12.6 
HPTA  44 40.2 18.1  40 40.0 20.8 
 
 
 
Figure 2:  Left Ear Mean HTLs by Frequency and Case-Control Status 
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Table 5:  Binaural Mean HTLs by Frequency and Case-Control Status 
 
   Cases Controls 
Frequency n=51 Median Mean SD n=459 Median Mean SD 
500  15 15.5 9.1 12.5 13.8 10.1 
1000  10 15.3 11.7 10 13.1 11.9 
2000  15 20.0 17.2 15 19.3 17.7 
3000  30 31.8 20.1 30 32.8 21.8 
4000  41 38.2 20.8 40 38.9 21.4 
6000  43 47.0 17.8 43 45.4 21.5 
8000  28 31.1 17.8 28 31.3 18.7 
LPTA  13 16.9 11.6 13 15.4 11.5 
HPTA  39 37.7 17.0 36 37.8 20.1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3:  Binaural Mean HTLs by Frequency and Case-Control Status 
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DEMOGRAPHIC DATA 
As shown in Table 6, the mean age for the case group was found to be 51.0 years 
(SD=21) as compared to the control group of 54.0 years (SD=21).  After conducting a Student’s 
t-test, no significant difference was found between the case and control group with regards to age 
(p=0.64).  In both groups, the majority of the subjects were married; 46 cases (92%) compared to 
381 controls (83.6%).  Two of the cases were divorced (3.9%) and one was never married (2%).  
One of the cases did not report marital status (2%).  The control group consisted of 17 widowed 
(3.8%), 11 divorced (2.4%), 2 separated (0.4%), and 21 were never married (4.6%).  Twenty-
eight subjects in the control group did not report their marital status (6.1%) information (Table 
7).  Using X2 p-values, no significant difference was found between the case and control groups 
with respect to marital status (p=0.33).  The majority of the subjects in the case (45.1%) group 
were high school graduates with a slightly greater percentage of high school graduates in the 
control (52.2%) group.  There were 13 cases that were college graduates (25.5%), 10 with some 
college education (19.6%), and five that did not graduate from high school (9.8%).  Compared to 
the case group, 99 controls were college graduates (21.5%), 75 had some college education 
(16.3%), and 37 did not graduate from high school (8.0%) (Table 7).  Using X2 p-values, no 
significant difference was found between the case and control groups with respect to education 
(p=0.71).     
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Table 6:  Case and Control Groups Age Distributions 
 
 
 
Cases Controls 
Age 
Groups n % 
Cum. 
Freq Freq % 
Cum. 
Freq 
25-29 2 3.9 3.9 3 0.7 0.7 
30-34 3 5.9 9.8 22 4.8 5.5 
35-39 5 9.8 19.6 44 9.6 15.1 
40-44 5 9.8 29.4 54 11.8 26.9 
45-49 8 15.7 45.1 42 9.2 36.1 
50-54 4 7.8 52.9 68 14.8 50.9 
55-59 8 15.7 68.6 59 12.9 63.8 
60-64 7 13.7 82.3 57 12.4 76.2 
65-69 3 5.9 88.2 47 10.2 86.4 
70-74 2 3.9 92.1 29 6.3 92.7 
75-79 2 3.9 96.0 15 3.3 96.0 
80-84 0 0.0 96.0 6 1.3 97.3 
85-89 0 0.0 96.0 5 1.1 98.4 
Missing 2 3.9 99.9 8 1.7 100.0 
Totals 51 100 459 100 
Age  
  
Cases 
(n=51) 
Controls 
(n=459) p-value
Mean 51.0 54.0 0.64 
Median 50.0 54.0  
SD 21 21  
 
 
Figure 4:  Cumulative Age Frequencies by Case-Control Status 
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Table 7:  Basic Demographic Information by Case-Control Status 
 
  
Cases 
(n=51) 
 Controls  
(n=459) 
  
Q1. 
Number n % n % 
X2      
p-value
Marital Status 14 Married 47 92.2 381 82.8 0.33 
 Widowed 0 -- 17 3.8  
 Divorced 2 3.9 11 2.4  
 Separated 0 -- 2 0.4  
 Never married 1 2.0 21 4.6  
 Missing 1 2.0 28 6.1  
 Totals 51 100.0 459 100.0  
Education 17 Did not graduate from high 
school 5 9.8 37 8.0 0.71 
 High school graduate 23 45.1 241 52.4  
 Some college 10 19.6 75 16.3  
 College graduate 13 25.5 99 21.5  
 Missing 0 0.0 8 1.7  
 Totals 51 100.0 459 100.0  
 
BEHAVIORAL CHARACTERISTICS 
 Behavioral characteristics for both the case and control groups are summarized in Table 
8.  Slightly more POs of the control group reported drinking alcohol in their lifetime (69.3%) as 
compared to the case group (64.7%) but no statistically significant differences were found 
between the case and control groups (p=0.44).  Of the 459 controls, 178 (38.8%) reported 
drinking alcohol within the past year as compared to 16 of case group (31.4%).  There was no 
significant difference found between the case and control group for the alcohol consumption 
within the past 12 months (p=0.29).  A larger percentage (70.6%) of the control group had used 
some form of tobacco other than cigarettes as compared to the case group (25.1%) but this was 
not significantly different between the case and control groups (p=0.82).  Many more of the 
cases (n=34, 66.7%) had smoked at least five packs of cigarettes in their lifetime compared to the 
control group (n=162, 35.3%).  Both the case and control groups were asked about using 
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cigarettes within the past year.  The vast majority for both the cases (n=47, 92.2%) and controls 
(n=407, 88.7%) had not used cigarettes in the past year.  Other forms of tobacco and cigarette 
use were not statistically significant between the case and control groups (Table 8).  Because the 
cases and controls are similar with respect to the variables considered in Table 8, these variables 
are probably not confounders.   
Table 8:  Behavioral Characteristics by Case-Control Status 
   Cases Controls p-value 
Variable 
Q2. 
number   N=51 % N=459 %  
Ever drank alcohol? 36 Yes 33 64.7 318 69.3 0.44 
 No 18 35.3 136 29.6  
 Missing 0 0.0 5 1.2  
 Total 51 100.0 459 100.1  
Drank alcohol in past      
12 months? 37 Yes 16 31.4 178 38.8 0.29 
 No 35 68.6 278 60.6  
 Missing 0 0.0 3 0.6  
 Total 51 100.0 459 100.0  
Smoked at least 5 
packs of cigarettes in 
your lifetime? 31 Yes 34 66.7 162 35.3 0.76 
 No 17 33.3 295 64.3  
 Missing 0 0.0 2 0.4  
 Total 51 100.0 459 100.0  
Currently smoke 
cigarettes? 32 Yes 4 7.8 49 10.7 0.52 
 No 47 92.2 407 88.7  
 Missing 0 0.0 3.0 0.7  
 Total 51 100.0 459 100.1  
Use any type of 
tobacco other than 
cigarettes? 35 Yes 14 27.5 118 25.1 0.82 
  No 36 70.6 327 71.2  
  Missing 1 2.0 14 3.1  
  Total 51 100.1 459 99.4  
 
                                                                                                                                                             
1 Based on questionnaire questions from Phase 1 (see appendix 1) 
2 Based on questionnaire questions from Phase 1 (see appendix 1) 
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SELECTED FARM/FARMER CHARACTERISTICS 
 
 Certain characteristics of the farm and the farmer may contribute to injury risk.  
Information about the percentage of time farming, total number of animals on the farm, total 
annual sales, and days spent on someone else’s farm was collected.  Table 9 summarizes the 
results of comparing cases and controls with respect to selected farm/farmer characteristics.  The 
majority of the case group (31.4%) had total annual sales of $10,000-$39,999, which is similar to 
that of the control group (25.5%).  No significant difference using the X2 test was found between 
the case and control groups (p=0.27).  The average number of total animals within the case group 
was 140.8 (SD=310.2), which is very similar to the control group (n=145.0, SD=440.5).  Using 
the Student t-test, no significant difference was found between the case and control groups 
(p=0.95).  The case group spent more days on someone else’s farm (n=48.7, SD=77.4), as 
compared to the control group (n=28.9, SD=53.6), which was not significantly different 
(p=0.33).   The percentage of time spent farming was also assessed.  In both groups the majority 
of POs farmed between 80% and 100% of the time.  There was no significant difference between 
case and control group (p=0.36).  Because the cases and controls are similar with respect to the 
variables considered in Table 9, these variables are probably not confounders.   
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Table 9:  Selected Farm/Farmer Characteristics by Case-Control Status 
 Cases Controls  
Variable 
Q3. 
Number n=51 % n=459 % p-value 
Total sales value in 
the past 12 months 7 0.27 
$0-9999  8 15.7 112 24.4  
$10,000-39,9999  16 31.4 117 25.5  
$40,000-99,9999  8 15.7 87 19.0  
$100,000-249,9999  13 25.5 81 17.7  
$250,000+  5 9.8 43 9.4  
Missing  1 2.0 19 4.1  
 51 100.1 459 100.1  
Total animals 6 Mean 140.8 145.0 0.95 
 SD 310.2 440.5  
Days spent working 
on someone else’s 
farm 23 Mean 48.7 28.9 0.33 
 SD 77.4 53.6  
% of time farming 19 0.36 
0  0 0.0 6 0.6  
10  6 11.8 58 12.3  
20  2 3.9 43 9.4  
30  6 11.8 54 11.8  
40  4 7.8 31 6.8  
50  1 2.0 41 8.9  
60  1 2.0 18 3.9  
70  4 7.8 34 7.4  
80  9 17.6 52 11.3  
90  8 15.7 75 16.3  
100  9 17.6 88 19.2  
Missing  1 2.0 45 9.8  
Total  51 100.0 459 99.4  
 
 
                                                 
3 Based on questionnaire questions from Phase 1 (see appendix 1) 
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LOGISTIC REGRESSION RESULTS FOR CONTINUOUS VARIABLES 
Table 10 summarizes the results of assessing the potential association between the odds 
of unintentional injury and the frequency-specific HTLs treated as a continuous variable.  Based 
on the p-values and 95% CIs, no crude odds ratios were found to be statistically significant in 
conventional terms, although the left 500 Hz odds ratio approached significance (p=0.08, 95% 
CI=1.00-1.05).  This may have been due to a chance finding. 
Table 10:  Logistic Regression Results Treating the HTLs as Continuous Variables 
Ear Frequency (Hz) cOR p-value 95% CI 
Rt 500 1.00 0.82 0.98-1.03 
Rt 1000 1.01 0.31 0.99-1.03 
Rt 2000 1.01 0.53 0.99-1.02 
Rt 3000 1.00 0.51 0.98-1.01 
Rt 4000 1.00 0.72 0.99-1.01 
Rt 6000 1.00 0.91 0.99-1.01 
Rt 8000 1.00 0.73 0.98-1.01 
Lt 500 1.02 0.08 1.00-1.05 
Lt 1000 1.01 0.25 0.99-1.03 
Lt 2000 1.00 0.74 0.99-1.02 
Lt 3000 1.01 0.98 0.99-1.01 
Lt 4000 1.00 0.90 0.99-1.01 
Lt 6000 1.00 0.55 0.99-1.02 
Lt 8000 1.00 0.80 0.99-1.01 
Lt Poorer Ear 1.01 0.56 0.99-1.02 
Bi 500 1.02 0.26 0.99-1.04 
Bi 1000 1.02 0.20 0.99-1.04 
Bi 2000 1.00 0.79 0.99-1.02 
Bi 3000 1.00 0.75 0.98-1.01 
Bi 4000 1.00 0.82 0.99-1.01 
Bi 6000 1.00 0.61 0.99-1.02 
Bi 8000 1.00 0.94 0.98-1.02 
Rt HPTA4 1.00 0.59 0.98-1.02 
Rt LPTA5 1.02 0.15 0.99-1.05 
Lt HPTA 1.00 0.95 0.99-1.02 
Lt LPTA 1.01 0.36 0.99-1.03 
Bi LPTA 1.01 0.35 0.99-1.04 
Bi HPTA 1.00 0.97 0.99-1.02 
                                                 
4 LPTA=Average of 500 Hz, 1000 Hz, and 2000 Hz 
5 HPTA=Average of 3000 Hz, 4000Hz, and 6000 Hz 
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Because hearing acuity is strongly associated with age, all of the injury-HTL ORs were 
age-adjusted by adding age to the one-variable models (see Table 11).  The two-variable models 
resulted in two age-adjusted ORs that were found to be statistically significant (OR >1) (Lt1000 
and Bi 2000).  Left 2000 Hz approached significance (p=0.09, 95% CI=1.00-1.04).  In general, 
age-adjustment slightly increased the magnitude of the ORs, which is not surprising given the 
fact that cases were younger on average than controls (51.0 years versus 54.0 years, respectively, 
as shown in Table 3).  Following the construction of two-variable models, three-variable models 
were constructed to help guide the multivariable model for logistic regression (Appendix 2).  
Variables affecting the ORs by +/- 10% for continuous variables were considered for the 
multivariable model.     
MULITVARIABLE LOGISTIC REGRESSION TREATING HTLs AS CONTINUOUS HTLs 
 The multivariable full model consisted of those potential confounders that were 
controlled for in the three variable model and statistically changed the OR by =/-10% for the 
exposure variable.  The final model consisted of the following variables:  Education (Q.17), Age, 
Past Cigarette Use (Q.31), Have Ever Drank Alcohol (Q.36), Total Annual Sales Value (Q.7), 
and the Percentage of Time Spent Farming (Q.19).  The model building approach was adapted 
from Hosmer and Lemeshow (2000).  Regression diagnostics were assessed with the Hosmer-
Lemeshow goodness-of-fit test.  Based on the p-value and 95% CI, four final ORs were found to 
be statistically significant (Lt 500, Lt 1000, Lt 6000, Bi 1000) as seen in Table 12.   In addition, 
several “exposure” variables approached significance (Rt 1000, Poorer ear, Bi 6000, Lt LPTA).  
In general, it was found that as hearing acuity became poorer, the risk for injury increased.  In 
addition to these findings, the right 1000 Hz, the poorer ear (left), binaural 6000 Hz, binaural 
LPTA, and the left ear LTPA approached significance (Table 12).  This model for all three 
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exposure variables were considered a good fit (p>0.05) based on Hosmer and Lemeshow (2000).  
For every decibel that a HTL worsens, injury risk increases.    
 
Table 11:  Two Variable Logistic Regression Results Treating the HTL as Continuous Variables 
and Controlling for Age 
   For aORs 
Ear Frequency cOR aOR p-value 95% CI 
Rt 500 1.00 0.99 0.63 0.38-1.81 
Rt 1000 1.01 1.02 0.59 0.98-1.03 
Rt 2000 1.01 1.01 0.11 1.00-1.04 
Rt 3000 1.00 1.00 0.15 1.00-1.03 
Rt 4000 1.00 1.00 0.89 0.98-1.01 
Rt 6000 1.00 1.01 0.80 0.99-1.02 
Rt 8000 1.00 1.00 0.42 0.99-1.02 
Lt 500 1.02 1.03 0.92 0.98-1.02 
Lt 1000 1.01 1.02 0.04 1.00-1.05 
Lt 2000 1.00 1.00 0.09 1.00-1.04 
Lt 3000 1.01 1.01 0.74 0.99-1.02 
Lt 4000 1.00 1.01 0.44 0.99-1.02 
Lt 6000 1.00 1.01 0.52 0.99-1.02 
Lt 8000 1.00 1.01 0.90 1.00-1.03 
Lt Poorer Ear 1.01 1.02 0.53 0.99-1.02 
Bi 500 1.02 1.02 0.12 1.00-1.04 
Bi 1000 1.02 1.03 0.13 0.99-1.05 
Bi 2000 1.00 1.01 0.05 1.00-1.05 
Bi 3000 1.00 1.00 0.33 0.99-1.03 
Bi 4000 1.00 1.01 0.68 0.99-1.02 
Bi 6000 1.00 1.02 0.58 0.99-1.02 
Bi 8000 1.00 1.00 0.11 1.00-1.03 
Rt HPTA 1.00 1.00 0.95 0.98-1.02 
Rt LPTA 1.02 1.02 0.81 0.98-1.02 
Lt HPTA 1.00 1.01 0.15 0.99-1.05 
Lt LPTA 1.01 1.02 0.27 0.99-1.03 
Bi LPTA 1.01 0.98 0.10 0.95-1.00 
Bi HPTA 1.00 1.01 0.39 0.99-1.03 
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Table 12:  Multivariable Logistic Regression Results Treating the HTLs as Continuous 
Variables 
Ear Freq cOR aOR6 p-value 95% CI 
Rt 500 1.00 1.00 0.54 0.98-1.04 
Rt 1000 1.01 1.02 0.07 1.00-1.05 
Rt 2000 1.01 1.02 0.13 1.00-1.04 
Rt 3000 1.00 1.00 0.89 0.99-1.02 
Rt 4000 1.00 1.01 0.57 0.99-1.02 
Rt 6000 1.00 1.01 0.35 0.99-1.03 
Rt 8000 1.00 1.00 0.99 0.98-1.02 
Lt 500 1.02 1.03 0.03 1.00-1.05 
Lt 1000 1.01 1.02 0.04 1.00-1.04 
Lt 2000 1.00 1.01 0.53 0.99-1.02 
Lt 3000 1.01 1.01 0.29 0.99-1.03 
Lt 4000 1.00 1.01 0.24 0.99-1.03 
Lt 6000 1.00 1.02 0.05 1.00-1.03 
Lt 8000 1.00 1.01 0.62 0.99-1.02 
Lt Poorer Ear 1.01 1.02 0.06 1.00-1.05 
Bi 500 1.02 1.02 0.11 1.00-1.06 
Bi 1000 1.02 1.03 0.03 1.00-1.06 
Bi 2000 1.00 1.01 0.23 0.99-1.03 
Bi 3000 1.00 1.01 0.46 0.99-1.03 
Bi 4000 1.00 1.01 0.30 0.99-1.02 
Bi 6000 1.00 1.02 0.07 1.00-1.04 
Bi 8000 1.00 1.00 0.97 0.98-1.02 
Rt LPTA 1.00 1.02 0.11 1.00-1.05 
Rt HPTA 1.02 1.01 0.60 0.99-1.03 
Lt LPTA 1.00 1.02 0.07 1.00-1.05 
Lt HPTA 1.01 1.01 0.13 1.00-1.03 
Bi LPTA 1.01 1.03 0.06 1.00-1.06 
Bi HPTA 1.00 1.01 0.19 0.99-1.04 
 
LOGISTIC REGRESSION RESULTS TREATING HTLs AS A CATEGORICAL VARIABLE 
After treating the HTL as a continuous variable, a >25dB fence was used to categorize 
cases and controls as “exposed” and “not exposed”.  Table 13 summarizes the number of cases 
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and controls classified as “exposed” and “not exposed, ” along with the crude odds ratios.  Based 
on the p-value and 95% CI value, no crude odds ratios were found to be statistically significant 
in conventional terms, although four variables (Lt 6000 Hz, Bi 1000 Hz, Bi 6000 Hz, Lt LTPA, 
and Rt HPTA) approached significance as shown in Table 13.   
After controlling for age with the >25 dB fence several age-adjusted ORs were found to 
be statistically significant at the p<0.05 level (Lt 6000 Hz, Bi 1000 Hz, Bi 6000 Hz, and Rt 
HPTA) (Table 14).  It was also found that the right 6000 Hz adjusted odds ratio of 2.15 (p=0.06, 
95% CI=0.97-4.75) and the binaural 500 Hz aOR of 2.14 (p=0.07, 95% CI=0.95-4.80) 
approached statistical significance.  In general, age-adjustment increased the magnitude of the 
ORs.  Following the two-variable model, three-variable models were constructed to help guide 
the determination of the multivariable model (Appendix 2).  Variables affecting the cORs by +/- 
10% for continuous variables were considered for the multivariable model.  
MULTIVARIABLE LOGISTIC REGRESSION MODELS TREATING HTLs AS A 
CATEGORICAL VARIABLE 
The multivariable full model consisted of those potential confounders that were 
controlled for in the three variable model and statistically changed the OR by =/-10% for the 
exposure variable (see Table 15).  The final model consisted of the following variables:  
Education (Q.17), Age, Past Cigarette Use (Q.31), Have Ever Drank Alcohol (Q.36), Total 
Annual Sales Value (Q.7), and the Percentage of Time Spent Farming (Q.19).  The model 
building process was adapted from Hosmer and Lemeshow (2000).  Regression diagnostics were 
assessed with the Hosmer-Lemeshow goodness-of-fit test.  Based on the p-value and 95% CI, six 
final ORs were found to be statistically significant (Rt 6000 Hz, Bi 500 Hz, Bi 1000 Hz, Bi 6000 
                                                                                                                                                             
6 Adjusted for Age, Education, Past Cigarette Use, Have Ever Drank Alcohol, Total Annual Sales Value, and 
Percentage of Time Spent Farming 
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Hz, Lt 6000 Hz, and Lt HPTA).   In addition, several “exposure” variables approached 
significance (Lt 3000 Hz, Poorer ear, and Bi 3000 Hz).  As shown in Table 15, the most notable 
result was that thresholds poorer than 25 dB for 6000 Hz in the left ear resulted in an aOR of 
3.35 (p=0.01, 95% CI=1.29-8.73).  Other significant findings for those with >25 dB HTLs were 
the right and left 6000 Hz, left HPTA, binaural 500 Hz, binaural 1000Hz, and binaural 6000 Hz.  
Three other findings approached significance (Lt 3000 Hz, poorer ear (left), and Bi 3000 Hz).  In 
general, controlling for potential confounders increased the magnitude of the ORs (Table15).   
Using the Hosmer and Lemeshow (2000) formula as a guide, goodness of fit was assessed.  This 
model resulted in significance values of p>0.05, which is a good model fit according to Hosmer 
and Lemeshow (2000).     
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Table 13:  Logistic Regression Results Treating HTLs as Categorical Variables 
Ear Freq. 
No. Cases
>25dB(A)
No. Controls 
>25dB(A) cOR p-value 95% CI 
Rt 500 3 57 0.44 0.17 0.13-1.46 
Rt 1000 9 60 1.42 0.37 0.66-3.06 
Rt 2000 12 109 0.98 0.95 0.50-1.94 
Rt 3000 20 219 0.69 0.22 0.38-1.25 
Rt 4000 32 281 1.04 0.91 0.57-1.89 
Rt 6000 39 310 1.60 0.22 0.76-3.25 
Rt 8000 21 199 0.84 0.60 0.45-1.58 
Lt 500 7 44 1.50 0.35 0.64-3.52 
Lt 1000 8 52 1.46 0.36 0.65-3.27 
Lt 2000 14 129 0.96 0.91 0.50-1.84 
Lt 3000 30 245 1.30 0.41 0.71-2.33 
Lt 4000 32 297 1.93 0.81 0.51-1.70 
Lt 6000 42 337 2.12 0.09 0.88-5.13 
Lt 8000 26 207 1.21 0.56 0.64-2.31 
Bi 500 9 47 1.87 0.11 0.86-4.08 
Bi 1000 11 58 1.89 0.08 0.92-3.89 
Bi 2000 14 119 1.07 0.84 0.56-2.05 
Bi 3000 29 234 1.28 0.41 0.71-2.31 
Bi 4000 33 299 0.97 0.92 0.52-1.79 
Bi 6000 42 327 2.03 0.11 0.84-4.93 
Bi 8000 22 186 1.08 0.81 0.56-2.09 
Lt Poorer Ear 32 260 1.29 0.40 0.71-2.34 
Rt LPTA7 10 70 1.35 0.43 0.64-2.81 
Rt HPTA8 32 274 1.10 0.09 0.59-2.04 
Lt LPTA 9 87 0.91 0.06 0.43-1.94 
Lt HPTA 35 285 1.43 0.29 0.73-2.78 
Bi LPTA 10 77 1.20 0.63 0.58-2.49 
Bi HPTA 33 264 1.31 0.41 0.69-2.49 
 
 
 
                                                 
7 LPTA=500 Hz, 1000 Hz, and 2000 Hz 
8 HPTA=3000 Hz, 4000 Hz, and 6000 Hz 
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Table 14:  Logistic Regression Results Treating the HTLs as Categorical Variables and 
Controlling for Age 
Ear Freq. cOR aOR p-value 95% CI 
Rt 500 0.44 0.48 0.23 0.97-1.02 
Rt 1000 1.42 0.98 0.16 0.96-1.01 
Rt 2000 0.98 1.22 0.61 0.56-2.69 
Rt 3000 0.69 0.74 0.38 0.38-1.46 
Rt 4000 1.04 1.28 0.49 0.64-2.55 
Rt 6000 1.60 2.15 0.06 0.97-4.75 
Rt 8000 0.84 0.88 0.71 0.44-1.76 
Lt 500 1.50 1.66 0.26 0.69-4.00 
Lt 1000 1.46 1.72 0.21 0.73-4.01 
Lt 2000 0.96 1.11 0.78 0.55-2.24 
Lt 3000 1.30 1.73 0.11 0.88-3.43 
Lt 4000 1.93 1.12 0.74 0.56-2.25 
Lt 6000 2.12 3.06 0.02 1.20-7.82 
Lt 8000 1.21 1.43 0.33 0.69-2.96 
Bi 500 1.87 2.14 0.07 0.95-4.80 
Bi 1000 1.89 2.55 0.02 1.14-5.70 
Bi 2000 1.07 1.33 0.45 0.63-2.79 
Bi 3000 1.28 1.80 0.10 0.89-3.62 
Bi 4000 0.97 1.20 0.62 0.59-2.46 
Bi 6000 2.03 2.85 0.03 1.11-7.32 
Bi 8000 1.08 1.16 0.70 0.55-2.47 
Lt Poorer Ear 1.29 1.75 0.11 0.95-1.00 
Rt LPTA 1.35 1.77 0.17 0.78-4.04 
Rt HPTA 1.10 1.46 0.04 0.71-2.99 
Lt LPTA 0.91 1.04 0.93 0.46-2.34 
Lt HPTA 1.10 1.98 0.45 0.96-4.08 
Bi LPTA 1.20 1.55 0.30 0.68-3.53 
Bi HPTA 1.31 1.86 0.10 0.88-3.91 
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Table 15:  Multivariable Logistic Regression Results Treating the HTLs as Categorical Variables  
Ear Freq cOR aOR9 p-value 95% CI 
Rt 500 0.44 0.52 0.30 0.15-1.76 
Rt 1000 1.42 2.06 0.10 0.88-4.85 
Rt 2000 0.98 1.38 0.44 0.62-3.08 
Rt 3000 0.69 0.75 0.43 0.37-1.53 
Rt 4000 1.04 1.47 0.30 0.71-3.06 
Rt 6000 1.60 2.23 0.05 0.99-5.03 
Rt 8000 0.84 0.93 0.85 0.44-1.96 
Lt 500 1.50 1.84 0.18 0.75-4.49 
Lt 1000 1.46 2.07 0.10 0.87-4.93 
Lt 2000 0.96 1.24 0.55 0.60-2.56 
Lt 3000 1.30 1.96 0.06 0.96-3.98 
Lt 4000 1.93 1.33 0.44 0.64-2.76 
Lt 6000 2.12 3.35 0.01 1.29-8.73 
Lt 8000 1.21 1.49 0.31 0.69-3.22 
Lt Poorer Ear 1.87 2.01 0.06 0.97-4.15 
Bi 500 1.89 2.40 0.04 1.05-5.48 
Bi 1000 1.07 3.11 0.01 1.36-7.12 
Bi 2000 1.28 1.51 0.30 0.70-3.26 
Bi 3000 0.97 2.01 0.06 0.97-4.16 
Bi 4000 2.03 1.43 0.35 0.67-3.06 
Bi 6000 1.08 3.18 0.02 1.21-8.36 
Bi 8000 1.29 1.23 0.61 0.56-2.72 
Rt LPTA 1.35 2.01 0.10 0.87-4.68 
Rt HPTA 1.10 1.50 0.30 0.70-3.20 
Lt LPTA 0.91 1.16 0.73 0.51-2.64 
Lt HPTA 1.43 2.11 0.05 1.00-4.46 
Bi LPTA 1.20 1.85 0.15 0.79-4.31 
Bi HPTA 1.31 1.93 0.10 0.89-4.18 
 
 
 
 
 
                                                 
9 Adjusted for Age, Education, Past Cigarette Use, Have Ever Drank Alcohol, Total Annual Sales Value, & Percentage of Time Spent Farming 
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CHAPTER 4 
Discussion and Conclusion 
INJURY ASSESSMENT 
 Male farmers in 20 central Ohio counties who completed both the Phase 1 questionnaire 
and audiometry in Phase 2 comprised the sample for this study as part of the larger OFFHS 
study.  Of these 510 male farmers, 51 reported an injury within the year preceding the 
questionnaire administration.  This injury rate of 10.0% is consistent with previous studies 
examining the injuries among farming populations.  For example, Browning, et al. (1998) who 
found a prevalence of injury among farmers to be 9.0 per 100 people.   Lewis et al. (2001) 
determined a cumulative incidence of injury among Iowa farmers to be 10.5%.  Falls were the 
primary external cause for the injuries (n=16, 31.4%) as shown in Table 1.  Sprains and strains 
comprised the majority of the type of injuries that were reported by the case group (n=17, 33.3%, 
see Table 2).   
AUDIOMETRIC FINDINGS 
 Upon initial inspection, the audiometric thresholds for the case and control groups were 
very similar.  Graphing the average threshold levels by frequency revealed a noise-notch pattern 
with the notch present at 6000 Hz in the left ear, right ear, and the binaural average (see Figures 
1-3).  Though not clinically significant, the control group had poorer hearing acuity than the case 
group, it is important to note that the control group was overall older than the case group, which 
likely accounts for the poorer threshold levels among controls.  In both groups, the left ear mean 
HTL was poorer than the right ear and also had poorer mean HTLs at every frequency compared 
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to the right ear.  There are many reasons that may account for these poorer thresholds in the left 
ear.  One of these reasons could be due to open cab tractors, as they are much louder than closed 
cab tractors.  As farmers are driving tractors and look over their right shoulder, the left ear is 
closer to the tractor engine noise, resulting at an increased risk for excessive noise exposure and 
subsequent hearing loss.  Another reason that could contribute to the poorer left ear findings 
could be certain recreational activities.  A right-handed gun shooter is at risk for a noise-induced 
hearing loss in the left ear, which may contribute to the poorer thresholds in the left ear as well.     
HTLs and INJURY RISK 
 The most notable result of the multivariable regression modeling was the high-frequency 
pure-tone average (HPTA) in the left ear using a fence of >25 dB, which resulted in an adjusted 
odds ratio of 3.35 (95% CI=1.01-4.86) for injury risk. The final model consisted of age, 
education, ever smoking cigarettes, ever drinking alcohol, total annual sales value, and the 
percentage of time spent farming.  It is important to note that age was controlled for because 
increased age is strongly associated with hearing loss and younger age is associated with injury 
risk (Crawford, 1995).  Several significant results were found for both continuous variables and 
categorizing the variables into “exposed” and “not exposed”.  Arguably, the most notable results 
were for the categorical variables of “exposed” and “not exposed” using a >25 dB fence.  The 
most marked finding was that for 6000 Hz in either ear or the binaural average of the two ears at 
6000 Hz, resulted in an increased risk for injury for those subjects with HTLs >25 dB (see Table 
15).   
 These results are hard to compare to other studies, as other studies investigating injury 
risk and hearing loss either relied on self-report of hearing loss or used specific and limited 
audiometric data.  No known previous studies have examined only HTLs as the exposure 
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variable.  The increased risk for injury due to hearing loss is consistent with previous studies 
examining hearing loss (Browning et al., 1998; Crawford et al., 1998; Lewis et al., 1998; Hwang 
et al., 2001; Sprince et al., 2003; Choi et al., 2005; Sprince et al., 2007).   
POSSIBLE MECHANISMS 
 There are several theories as to what the mechanism may be in explaining the 
relationship between poorer hearing acuity and injury risk.  One of these reasons could be that 
poorer hearing acuity contributes to communication difficulties, especially in the presence of 
competing noise, or at distances.  Because farm machinery and some agriculture-related farm 
tasks are noisy, it may be difficult to communicate with coworkers.  Moll van Charante and 
Mulder (1990) found noise levels >82 dB(A) to significantly increase the risk for injury for 
shipyard workers with both normal hearing acuity and poor hearing acuity.  Therefore, these 
subjects may miss critical information needed to make decisions to avoid injury.  Another 
possible theory could be that important environmental sound cues are missed by farmers with 
poorer hearing acuity.  These environmental cues may be important in recognizing and avoiding 
danger and being able to react to prevent an unintentional injury from occurring.  It is interesting 
to note that 6000 Hz was the poorer HTL for both ears and also resulted in the greatest risk for 
injury.  There may be some underlying cues listeners use at 6000 Hz that are missed with poorer 
hearing acuity at this frequency.     
CONCLUSION 
There has been previous research examining risk factors associated with injury in which 
hearing loss was found to be a significant factor, but there are few studies examining audiometric 
hearing thresholds levels (HTLs) and injury risk.  Because of this, the results of this study may 
further help audiologists, public health workers, and others interested in hearing loss and injury 
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risk to reduce the incidence of injuries among the agricultural community.  Because OSHA has 
not created agricultural safety laws for farms with fewer than 11 workers, it is vital that 
education for hearing loss prevention be targeted towards this population.  The noise-induced 
hearing threshold pattern seen in the farmers, further emphasizes importance of hearing loss 
prevention programs for farming populations.  In this study, the hearing threshold level (HTL) 
pattern also reveals the importance for audiologists to routinely test 6000 Hz during audiometric 
testing especially when the patient has recreational or occupational noise exposure history.     
As health care professionals, audiologists should always be thinking of ways to help 
patients communicate more effectively as a result of their hearing loss.  There are times that 
other implications of a hearing loss experienced by an individual in addition to their 
communication needs are forgotten.  As a result of a hearing loss, non-fatal and even fatal 
injuries may result.  By providing farmers with a tangible possible consequence of hearing loss, 
it may help to more effectively improve hearing conservation programs.  It is important for 
audiologists to work with other professionals for an increased awareness of hearing conservation 
and hearing loss prevention.  Having audiologists collaborate with other professionals, new and 
creative ideas can be found to more effectively teach agricultural communities and help try to 
reduce hearing loss among this population, therefore, reducing the incidence of injuries among 
the agricultural community.   
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THE OR FAMI EALTH STUDY OMB NO. 0920-0313 
Exp. Date 2-29-9 
PLEASE 
-THIS FIRST 
.I 
I 
- 
LI 
PAGES 1-13 (SECTIONS 1-9) ARE TO BE 
READ THE MARKING DIRECTIONS BELOW BEFQRE PROCEEDING. H 
M A R K I N G  D I R E C T I O N S  
Go from QUESTION to QUESTION in numerical order unless 
lnstrucied othennlse. Please follow the dlrectlonal arrows. 
Do not make stray marks on this form. Fill ovals completely. 
Erase cleanly entrkes you Msh to change. EXAMPLE Date of birth = "December 18,1949' + CorreEt mark .) 0 CS Q O 
Incorrect marks C;/1 El Q OM 
- When your answer to a question Is "zero' or 'none," don't l e m  the EXAMPLE: 
question blank - be sure to Indicate "zero." Hours worked per week E "54" 
When a vertlcal grid Is provlded for a numerleal answer, wrlfe @ m m ~ ~ ) @ ~ @ c w @ $  
numbers in boxes ~rovlded, and then blacken BD~roDriBt% aval 0 CZZ C 3  ( 5 1  16) 171 c8S (9,: " .  . 
directly below each number. 
when a horizontal grld Is provided for a numerical answer, blacken 
ovals so they add up to ths right number. 
When a space or box is provided, please wrltl In the requested EXAMPLE: 
Information. Write in Fast 
When compleled, return In the 9x12 postag~ pald envelope provided. off-farm job 
PLEASE DO NOT W L D  THE QUESTIONNAIRE BOOKLET. 
A. Farm 
Characteristics 
la. address 0 :;T 
Please Indicate the Ohlo county 
where the bulk of the farm Is 
ENCLOSED YELLOW SHEET 
Please correct any name and address Information In the label above by writing 
In the correct inlormallon below: 
WRITE IN NAME OF FARM 
NAME OF FARM - 
WRKE IN STREETJROAD I CrTYORTOWM 
LOCATION OF FARM I 
NAME OF PRINCIPAL LAST NAME 
OPERATOR - 
PFeasa give your telephone number. &R= CODE NUMBER 
We may need to contact you later. -
L @ Does the Principal Operator llve on this farm? 0 Yes O No I 
L 
PLEASE DO NOT WRm 1M W S  AR€A 01J.309 
I 
~ ~ E ~ o l o o o o ~ ~ o ~ u o o o ~ ~ ~ ~ ~ ~  I 
LI 
I PAGE 1 11- 
What is the total number of people that have assisted 
In the opemion of this farm In the past 12 months? - I 
L 
I 
@ HOW many of these were seasonal or migrant workers? 
I 
I 
As of today's date, please give the number of acres 
worked as part of the normal commercial operations 
of this  farm: 1 
For the most recent growing season, please glve the 
number of acres of the following craps planted, grown, 
or present on this farm as part of its normal commercial 
onerations: 7 
Corn for grain or seed 
Corn for silage or 
green chop 
Soybeans for beans 
Wheat for grain 
Oats for grain 
All hay crops 
Alfalfa hay only 
All other crops 
All vegetables for sale 
@ what was the approximate sales value of all products (crops and anfmsQtrom this farm IN THE PAST 12 MONTHS? 
II 0 0 - $9,9Q9 Ci $ l O , W  - $39,999 0 $40,000 - $99,999 0 $700,000 - $249,999 O $250,000 or more 
L 
Please give your approxlmate inwntory, as of today's date, of all Ilvwtock and poultry. lnclude all animals on thls 
1 farm now plus those sold In the Tast 12 months as part of normal commercial operations: 
n 
- B* Pestlctde Use 
I 
I All caltle, calves, Hop  Sheep All poultry All other 
1 and cows and p~gs and lambs combined livestock 
@ Durlng tho last growing season, what postleldes were used on crops on thls farm? Refer to LIST 'B (see endesed 
I yellow sheet) and record all that were used. 
m ~ # ~ ~ ~ ~ ~ ~ ~ @ ~ ~ ~ @ @ ~ o ~ D ~ ~ @ D @ @ @ ~ ~ @ ~ ~ ~ @ B @ @ @ @ @ @ ~ ~  
NOTE: RIGHT-JUSTIFY YOUR 
ANSWERS HERE, FOR EXAMPLE, 
@ During the last growing season, were you personally Invalved in mixing, loading, or applying any of the pestlcldest 
I 0 Yes O NO 
I 25 ANIMALS WOULD BE: 
u 
I 
I 
LI a C@ .m Lo:' 
I m m 0 5  
I mmII.z 
I '3.7 C3] (3: cgj 
L LO t m  w 
3 ('5) (5) Tsl * 
I 
I 
L 
@ During the NEXT growlng season, what pestiddes do you plan on using on crops on thls farm? 'Refer again to LIST 8 
I and record all that you plan on using. 
I 
I 
o ~ o ~ o ~ ~ m m m o ~ ~ m ~ m ~ m m m m m m m g ~ ~ m m ~ m m m m m ~ ~ m ~ ~ m m ~  
L 
-11 PAGE 2 W 
C. Census of Farm Dwellers I 
L 
Please lfst the Initials of the names of all persons who REGULARLY Ilve or work on this farm, then complete the rest of - 
the table. Persons listed here should include the Principal Operator (P.Q.), the Operator's family who regularly llves - 
and/or works on this farm, and other tamlly members who may live in a separate residence on this farm. Please also - 
include hired workers, friends, relatives, or roomers who regularly live and/or work on this farm. If there are mare than 
10 people Involved, please provide the same information on a separate piece of paper, giving each a "person no." like 
In the table. I 
1 
In addltion to the Indlvlduals listed above in Question 11, are there dher persons who worked on the commercial L 
operation of this farm IN THE PAST 12 MONTHS such as seasonal workers, migrant workers, or others who may have " 
worked or helped out on an OCCASIONAL basis? 1 
m 
1 
I 
What were thelr I 
12b. usual jab tasks? 0 I L Refer to LIST D and L 
workers select all codes that I 
apply- work an the I 
there? I 
THE PAST m 
~ ~ o ~ @ B B c s ~ ~ ~  12 MONTHS? I 
I 
L 
1 
L 
L 
3. Demoara~hCc Data on PRlNClPAL OPERATOR I 
@ Your marital status .. . 
O Married 
Q Widowed 
0 Divorcad 
O Separated 
0 Never married 
@ Your dale of birth 1s For how many years total have you Ilved onthts or any other agricultural locations? 
>-. .-, 
LT> c1; @  YOU^ race is . .  . O White Cf) E 
0 Black C N  Oi  
O American Indian or Alaskan Nalive CQ @> 
O As~an or Paclfic Islander C53 1x2 
PAGES ' W I  
@ Please indicate which category below best describes your education: 
O Dld not graduate from High School O Some college 
O Hgh School graduate Q College graduate or hiher 
18a. Your sex Is. . . - Your welght is.. . 
a Mate a Female FEET I INCHES ) FRACTION 
1 Z E, 1 L; I14 
E. Work History of PRINCIPAL OPERATOR 
For each occupatlon listed to the right, please 
estimate the percentage of your time spent in 
each DURING THE PAST 12 MONTHS. - 
H o w  many days IN THE PAST 12 MONTHS dld 
you work at least 4 hours per day on the 
operation of this farm? 
O None 
0 1 or more -1 INDICATE NUMBER OF DAYS 1 
@ In operathg tMs farm In a TYPICAL year, please lndlcate below, for each season of the year, the average number of 
I hours you USUALLY work each week doing the chores shown. Far chores you don't typically do, be sure to record 
I zero hours per week. For this table, just WRITE IN your answers. 
nck chores 
1 of farmst4 
eanveyors, 
RS PER WEEK 
I HOURS PER WEEK 
I 
ope ratio^ ead materials handlin! WRITE IN AVERAGE* 
- (augers, I etc.) HOURS PER WEEK 
I , , . >  . HOURS PER WEEK 
I 
Operatloh or ag. machinery andlor trucks lur rrisrnet WRITE IN AVERAGE- 
- delivery (hlghway use) HOURS PER WEEK 
- 
I HOURS PER WEEK WRITE IN AVERAGE, 
- Total tlme spent on farm tasks outside the house HOURS PER WEEK I 
I 
FALL I WINTER I SPRING 
-- 
HOURS PER WEEK I HOURS PER WEEK ( HOURS PER WEEK 
I I 
--- 
HOURSPER WEEK HOURS PER WEEK HOURS PER WEEK 
S PER WEf 
I I 
t WEEK 1 HOUR 
- 1 
!OURS PER S PER WEE >URS PER 
HOURS PEFI WEEK HOURS PER WEEK HOURS PER WEEK w
Mow many days FN THE PAST 12 MONTHS dld you spend at least 4 hours per day at work UNRELATED to the operation 
I of thls farm? 
LI O None 
I o I or more -4, INDICATE NU-[ 
- - 
L (23.) Have you worked or helped out on someone else's farm DURING THE PAST 12 MONTHS? 
PAGE 4 I 
V r%ts .-@ Indtcate total number of days you MUMBER OF DAYS SELEM ALL JOB TASKS FROM UST a 
I worked on someone else's farm 
IN THE PAST 12 MONTHS, and I the Jobs you did. 
@O@@ 
~'mmrnmaommm@3 
r 1 ~ 0 < 3 @ 0 ~ - 1 ~ @ 8 3 @ 1  
C i j  (D O (3 Q EI Q @2 3-0) 
@ Please glvo the followfng lnformatlen on ANY NOW-AGRICULTURAL work you did durlng the PAST 12 MONTHS. 
WRITE IN WPE OF PRODUCT MADE , W R m  m YOUR PRIMARY JOB IND~CATE AVERAGE NUMBER OF OFFICE USE ONLY 
OR SERVlCE PROVIDEO TASKS. ACTIVITIES. OR DUTIES 
pp
1. 
r n c a o ~ ~ r n ~ r n m c z  
2 @!QQm@mmm@Bm 
mmmC33G>omrnmm 
How many years rotaf Rave you been Involved In agricultural work? - 
Thinking of all the paid jobs or NO. OF Considering all your YEARS 
businesses you've ever had, employers, how many 
what kind of work did you do the total years have you & L7 
longest? Consider work done done this kind of work? 33 fl> 
while in the Armed Forces. C23 
'3 @j 
29. When you were doing the kind of work you 0 described in Question 27 above, what were your WR~TE IN omcEusEonLv O 
most important activities or duties? - 1 OCCUpA~OM 1 il 
30. in what kind of business or industry dld you do thls O klnd of work the LONGEST? (For example, retall a @3 WRlTE IN OFFICE USE ONLY 
shoe store, farm, construction, etc.) P INDUSTRY - 
F. Tobacco and Alcohol Use 
@ Have YW smoked at least 5 packs of cigarettes in your lifetime? 
INDICATE HOW OLD YOU WERE WHEN YOU 
FIRSTSfARTED SMOKING CIGAREITES 
FAIRLY REGULARLY 
how many cigarettes did you smoke per 
OF YEARS OFF 
fairly regular basis? 
0 No 0 Yes 13 I -321 
Have you chewed tobacco? 0 No O Yes -4-H Do you now? 0 No Q Yes 
~35b! Have you used snuff? a No a Yes -\ IFYES Do you now? ZSi Na 0 Yes 
j35c: Have you smoked cigars? 0 No O Yes -I IF YES lit Do you now? 0 No O Yes 
.35d. Have you smoked a pipe? Q No 0 Yes 4 IF VES Do you ROW? CJ NO 0 Yes 
36. In your entire life, have you had at leas? 12 drinks of any kind of alcoholic beverage? Do not count small tastes. 
(NOTE: Alcoholic beverages include beer, ale, wlne, wine coolers, liquor such as whiskey, gin, rum or vodka, 
and cocktafls and mixed drlnks contalnlng liquor.) 
PAGE 5 111 
@ in the PAST 12 MONTHS did you have at least 12 drinks of ANY l n d  of alcoholic beverage? 
Q No 
Q Yes 
PAST 12 MONTHS, on the average, 
hew many days per week, month, or year NUMBER 
drink ANY alcoholic beverages? 
O Month 
SErnON 
O Year 
38b. On the average, on the days that you drank O alcohol, how many drinks did you have a day? 
(NOTE: A drink is a 12-0unce beer, a 4-0~nce NUMBER OF DRINKS PER DAY 
glass of wine or an ounce of liquor.)  3CZ C3. >q 1 31 Gj @ Cl K@ CB @3 
39a. We would Ilks to know about your use of health care services. Is there a particular chic, health center, doctor's O offlce or some other place that you usually go to If you are sick or need advice about your health? 
I0No 0 Yes 
9b. What kind of a place is it - a clinic, a health center, a hospital, a doctor" office, or some other place? Select the I "  most appropriate ONE from the list. Home 0 Chiropractor or Naturopath's Omce O Med~cal Doctor's Mice IMD or 00) or Private Clinic 0 Hospital Emergency Room 
0 company or School ~ l l n f c  O Community, ~ 6 1 ~ h b o r h o o d  r Family Health Center 
0 Hospital Outpatient Clinic PLEASE DESCRIBE O Rural Health Center PLEASE DESCRIBE 
O M~arant Clinic + a HMOlPrepaid Gmup 1 
The questions here ask you about your feelings and behavior DURING THE LAST WEEK. In each case, you will be asked 
to indicate how often you felt or behaved a eertaln way. Although some of the questions are similar, there are 
differences between them and you should treat each one as a separate question. The best approach is to answer each 
question fairly qulekly. That is, don't try to count up the number of times you felt a particular way, but rather indicate the 
alternative that seems llke a reasonable estimate. 
r r r  ..*.)" < .wr.rr*,.*-.? * I.+-.- I I 
, 4  = Ma* b; ~ i i  of tf$ii$@"sbj 
3 = Occasionally or a Moderate Amount of Fme (3-4 Days) 
2 =Some or a Llttle of the 31me (1-2 Days) 
1 = Rarely or None of the Time (Less than 1 Day) 
1 1 , l I ;  DURING THE PAST WEEK: 
a. I was bothemd by things that usually don'? 
botherme ................................. a @ @ G >  
pay'c..y-.*r.I ... m ...ir- -, 
., ' C  4 = 
3 = Ocmslonally or a Moderate Amount o<Tlrne (3-4 Days) 
2 =Some or n Llttlc oI the Time (1-2 Days) 
1 = Rarely or None of the Xlme (Less than 1 Day) 
+ l 1 I 
j. 1Isltlserhrl ................................ mz;?8z 
k My sleep was restless ....................... a Q CG 
b. I dld not feel Ilb eating: my appetite war poor .. ............................... D 32  Q @l 
c. I felt that l could not shake off the blues even 
with help from my family or frlends ............ W G 
d. l felt that I was lust as good as other people .... (33 @I Q> Ca) 
e. 1 had twuble keeplng my mlnd on what I 
was dolng ................................. @. 
m. I talked less thmn usual ...................... a o CD 
n. lfeh lonely ................................ a ' ~  a C@ 
o. People were unfriendly ...................... a @> a 33 
p. I enjoyed life ............................... a C 3  5 9 
t. I felt depressed . . . . .  : ............. , ....... @ @3 W C4>, q. I had crying spells .......................... a & a a 
g. I felt that everything I did was an effort ......... CD @,a C> I r. I felt sad .................................. O @ 
h. 1 felt hopeful about the future ................. ma @I sa. I felt that people dlsllked me .................. 8 a CB Cs3 I 
...................... ............ i. l thought my life had been a failure IY a @ Ti 1 t. I could not gel "golng" Q W . 0  
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The questions here ask you about your feellngs and thoughts DURING THE LAST MONTH. In each case, you wllt be asked 
to Indicate how often you felt or thought a certain way. Although some of the questions are slrnilar, there are differences 
between them and you should treat each one as a separate question. The best approach Is to answer each question fairly 
quickly. That is, don't try to count up the number of times you felt a particular way, but rather Indicate the alternative that 
seems llke a reasonable estimate. 
5 =Very Mten 
4 = Faltly Mten 
3 = S o m e t l m  
2 = Alrncst Never 
1N THE LAST MONTH: 
a. How otten have you been upset because of 
.... samethlng that happened unexpectedly? a @ 
b. How often have you telt that you were 
unable ta control the important things 
In your life? ............................. 0G3 0 a GI 
E. How often haw you felt nervous and 
"stressed"? ............................. Ql WE3 CD
d. How often haw you felt confident about 
ywr ability to handle your personal 
problems? ............................. .a) a a 
e. How often have you fett that Zhings were 
going yourway? ....................... ..a C2)CD GOCE 
6 m Very Ottan 
4 = Falrly Often 
2 =Almost Never 
f. How often have you twnd that you could not 
. cope with all the things thal you had to do?. a 0 
g. How often have you been able ta Eontrol 
.................... irritations In your Ills? .a @ Q 
h. Haw often have you felt that you were on 
............................ top of things? Q @ (33 @@I 
I. How otten have y ~ u  been a n g e d  because 
of thlngs that happened that were outside 
of your control? .......................... O O W @  Q 
J, How ofien have you felt dlfflculties were 
plllng up so high that you could not 
........................ overcome them? -0 C&Q @ 0 
Do you usualry cough on most days for 3 
CONSECUTIVE MONTHS OR MORE durlng the 
year? 
Do you brEng up phlegm on most days 
for 3 CONSECUTlVE MONTHS OR 
MORE durlng the year? 
0 Yes 
For how many years have you 
had trouble wfth phlegm? 
NO. OF YEARS 
- - ww 
Are you troubled by shortness of 
breath when hurrylng on level ground 
or walking up a slight hill? 
O No O Yes 
@ Have you had wheezing or 
whistling in your chest at any 
time in the PAST 12 MONTHS? 
7 NO Yes + 
SKIP TO OF EPISODES 
48. How many times in the PAST 12 0 MONTHS were you hospitalized 
overnight or longer for these 
episodes of wheezing or whistling? 
0 None 
NO. OF TIMES 
During the PAST 12 MONTHS, how 
many times have you gone to a 
doctor's office or a hospital 
emergency room far one of these 
episodes of wheezing or whistling? 
Apart from when you had a cold, does 
your chest EVER sound wheezy or 
whistling? 
0 NO 0 Yes 
During the PAST 12 MONTHS, have 
you had any episodes d[ stuffy, 
Itchy, or runny nose? 
O No 
OF EPESODES 
PAGE' 
I 
LI 52  During the PAST 12 MONTHS, have 
LT O you had any episodes of watery, 
I itchy eyes? 
EPISODES 
co rn 
Gl . C5, 
m 
I Did you answer "Yes" to any one of 
1 the following questions from above: 
I 47,5D, 51, or 52? 
I 
I 
Are any of the respiratory symptoms mentloned 
above (wheezing; whistling; stuffy, itchy, or runny 
nose; watery, itchy eyes) brought on by: 
u 
O Yes-- 0 No (3 Don't know 
c. House dust? O Yes Q No 3 Don't knoG 
d. Your work environ- O Yes Z 1.30 0 Don't knaw 
I ment? (That is, do 
L you feel bertsr on 
days off?) F? pollen? ~ T F B P ~ ~ T E T ~ T o ~  
I 
IFYOU ANSWERED "YES" TO 
a. 54e ABOVE, ANSWER Q. 55 
I 
During whlch months of the year does pollen make 
your symptoms worse? Mark all that apply: 
0 Jan 0 Mar O May O J u l  O Sep O Nov 
0 Feb Q Apr O Jun QAug O Oct Q Dsc 
Have you EVER had a severe reaetlon, such as 
Itching all over, trouble breathing, flushing, hives, 
or swelling of the face or hands or feet WITHIN AN 
HOUR after being stung by an Insect? 
8 No O Yes 
Have you EYER had a severe mctlon, such as 
itchlng all over, trouble breathing, flushing, hives, 
or swelling of the face or hands or feet WITHIN 
AN HOUR after receiving allergy shots or an 
allergy test? 
0 No 
0 yes 
0 Never received allergy shots or test 
0 Don't know 
P 
1 Have you EVER glven up or had to avoid a pel 
- because of allergies? 
L O NO 0 Yes 
L 
1 
I 
I 
I 
L 
u 
Durlng the PAST 12 MONTHS, have you 
had any of the following conditions 
a. Cold or flu? 
O No INDICATE NO. OF EPISODES 
0 Yes - KO) 'c@ 0.0; @O $0 70 ($@ 
0 NO IWDIChTE NO. OF EPlSODES 
0 Yes - 9, 23, ,Q @j @-a @a: :a> 13b 
60. Does your chest EVER lee1 tight in connection O with work? 
Does the chest tightness occur on any 
particular day? 
Yes --r @ When does it occur? 
0 Only during the Arst few 
days back at work 
0 Other day(s) also 
0 Only on other days 
DURlNGTHE PASTf2 MONTHS, have you 
had episodes of flu-llke symptoms (fever, 
shlwrlng, malaise, cough, tiredness, 
weakness, musde and joint pains) in 
connection with dusty work? 
0 No INDICATE NO. 
OF TIMES 
Please describe the efrcurnstances 
when these symptoms occurred.- 
- 
DESCRIBE CIRCUMSTANCES HERE 
When experiencing the flwllke symptoms in 
tonneotlon with dusty work, how long, In 0 
general, would the symptoms last? 
O Until the next day 
Q Several days 
0 Don't knwvICan7 remember 
Haw often do you wear any type of breMhlng 
protection when you ere exposed to dust? 
O Usually (50% or more of the time) 
0 Occasionally (less than SO0& of the time) 
Never 
Q Not exposed to dust 
Which statement below best describes your 
hearing in your LEFT ear (wlthovt a hearing 
aid)? 
G Goad 0 Lot of trouble 
0 L~ttle trouble 0 Deaf 
Which statement below best describes your 
hearing Fn your RIGHT ear (without a hearing 
aid)? 
70 Good O Lot of trouble 0 L~ttle trouble 
- 
O Deaf 
1F YOU @ (Without a hearing aid), can you usually HEAR 
ISWERED and UNDERSTAND what a person says without 
000" TO seeing his face H that person WHISPERS to 
,67, SKIP you from across a quiet room? 
P0.761 O N *  
0 Yes 
(Without a hearing aid), can you usually HEAR 
and UNDERSTAND what a person says without 
seeing his face if that person TALKS IN A 
NORMAL VOICE to you from across a quiet 
room? 
0 I\lo 
0 Yes 
Do you CURRENTLY hawe any 
trouble hearing? - 
WHEN TROUBLE BEGAN 
ca2-1 
Have you EVER seen a doetor 
about hearing trouble or deafness? 
-0 NO I 0 Yes 
According Zc the doctor, what 
caused your hearing trouble or 
deafness? Select all that apply. 
Q Exposure to loud noise 
0 Ear surgery 
O An ear injury 
0 Heating trouble or 
deafness from biRh 
0 Some other cause I I 
0 No cause identified 
I 
Do you NOW work around, or have you EVER ,
worked around, noisy farm equipment? I 
O No I 
(Without a hearkng aid), can you usually HEAR Q Yes u 
and UNDERSTAND what a person says m 
LI 
wlthout seeing his face if that person SHOUTS LI 
to you from across a qwlet room? Do you wear hearing protection when you - 
O No use or are around nolsy farm equlprnsnt? u 
0 Yes L.. 
y:s, occasionally (less than 50% af the tlrne) I
(Without a hearing aid), can you usually HEAR O Yes, usually (50% ar more of the time) L 
and UNDERSTAND what a person says I 
I 
without seeing his face if that person SPEAKS NOW have tlnnltus (rlnglng In the PI 
LOUDLY into your better ear? I 
0 No O No 1 
0 Yes 8 Yes I 
I 
I 
For EACH kind of equipment llsted below, Indicate whether or not you have EVER used It, even If you answered "No" to 
Question 76 above. If you have, then estimate the total number of years you have used the equipment, along wlth the 
- 
average number of days per year and the average number of hours per day. If you've used a noisy piece of equipment - 
not listed below, please use the blank space(s) provided for a description. I 
EQUIPMENT USED7 
Tractor without a cab IS Yes -t 
Tractor with a cab /a yes - 
< - z  - - .c-. -- ;; .- -,- 
Combint 5 Yes + 
3 Yes -t 
,,' - ,. .. 7- - . . -<.,- 
Chain se 3 Yes + 
:3 NO 
PLEASE DESCRIBE 
Other? 3 Yes* 
Other? 5 Yes -+ 
ESTIMATE TOTAL ESTIMATE AVERAGE NUMBER 
NUMBER OF YEARS USED OF DAYS USED PER YEAR 
mmm L'j$@m'm@@ @O! mQj (50) (60) PO) '80; fibi 
& ~ ~ ) @ < < 5 j @ m ~ 8 ? ' ~ 9 ]  f i > < 2 : : 3 j ~ 8 ~ < 5 ~ ~ 6 1 ~ 7 1 ( ~ ~ < 9 ~  
tKb 003 93Pe 
@@@@@@@6@ ru~@~~n)mi~~mm~dlmm 
oEYmGDG3&'mrnm O c 2 j W a ~ r n O ~ 3 ~ ~ 1  
TO* 203 
@, E@ $% KO @I (lob (70 ho7 (a@ $8 $3, Qu: rbo [so> 
,-7 7-. r- ,- - 7 A c2, ,3j 4 1 6.5) G 2  Cfi TCi: Cll C23 5 i 4 i  r 5 )  T6 1 ' 7' i 8  [ 3 j  
I00 200 $00 
@@@@J@@J f l ~ ~ > @ ) ~ ~ I @ ~ ~ @ )  
~ ~ B Q G B m ~ G D B  C J C ~ ) C ~ ) ~ J ~ C ~ ) C ~ I C ~ J C ~ I  
I.@ Lob tc4 
,s@mF@ 00; do\ 50' go' (Sb? Go\ 016 
a:2:'<3,':4$ 5 ,~ '6 )L7><8J ' t91  J _ i ; C ~ l < 3 ~ ' 1 3 C 5 ) : 6 : : 1 ~ ' 8 j C 9 :  
@O ICO 30.0 
mmmmmm m@~(33:mmmmmm 0 0 m 0 0 m m c ~ m  o o ~ ~ ~ r n r n ~ ~ m o  
co9 ogM 3m 
>73' @ $3, $6 rn @> 9 0' Qs bb Cso7 6% $0' <B@ I4o\ 
3 : 9 : < 3 3  >::5:bf6'C7_:.;81r9) <1:C7::3h'4''5'(G 171'8i:q: 
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ESTIMATE AVERAGE NUMBER 
OF HOURS USED PER DAY 
@ DO YOU NOW work at a job, in addition to farming, where p u  sometimes have to shout to be understood because of the 
nolse? 
O NO 
White exposed to noise on this job, do you 
Q Yes, usually (50% or more of the time) 
0 Yes, accas~onally (less than 50e& of the time) 
Have you previously worked In ANY noisy job other than farming? 
w CJ No 
ayes 4 FILL OUT WBLE BELOW . 
I I I I t + + 
ESTIMATE TOTAL NUMBER OF INDICATE FOR EACH JOB HELD WHFMER 
DESCRIBE ALL PREVIOUS NOISY JOBS YEARS YOU HELD JOB YOU WORE HEARING PROTECTION 
1. 9 Yes, usuelly (50% or more of the time) 
iii@ @$)a@@ a Yes, occtzsionally (less than 5094. of the time) 
: 1 'T2?O-~~EmOm~ 3 No 
2. 13 Yes, usually (50% or more of the t~rne) 
@ C B @ @ O @ @  O Yes, occasionally (less than 50Qf00C the time) 
, m C z ) T ~ @ a a Q m a  O N 0  
3. 3 Yes, usuail'y (50% or more of Me time) - 
K@@&m$N@G@@O C Yes, occas~onally (less than 50% of the time) 
o C ~ ; C ~ ~ I ~ - I C S ~ C ~ ~ , ~ @ C  5 3 0  
4. rJ Yes, usually (50"o or more of the t~me) 
mmjmmm@ Yes, occas~onally (less than 50% of the time) 
~ C ~ ) C ~ > C ~ > O ~ C D G D ) .  0 No 
Did you ever have a job that involved fklng weapons, Including military service? 
r\ h l n  1 I 
Did YOU wear hearing protection when 
exposed to weapon noise? 
0 Yes, usually (50% or more of the t~me) 
0 Yes, occeslonally (less than 50% of the tirne) 
O No 
1 
I 
II 
- I @ Away from work, have you ever been exposed to me noise associated wlth the fotlowlng activities? For EACH activftr 
L listed below, indicate If you have ever engaged in the activity, and if you have, please fill out the rest of the table. 
I "Usually" and "occasionally" are defined the same as In Questions 80-82 above. 
m 
;, usually 
i,  occasion^ 
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During the PAST 12 MONTHS, have you, a family member, or any other person who regularly lives or works on this farm 
had an injury for which the injured person saw or talked to a medical doctor or assistant, or the injured person cut down 
on their usual activities for more than half a day? 
ALL INJURED PERSONS GET PERXlW NUMBPAS PROM 0.11 
rn c31 SG c5> cc @I c3) NO) 0-1; 03 F3) K$ @3 
ALL THAT APPLY, THEN ANSWER QUESTIONS 8 4 .  THROUGH 84k 
FOR EACH INJURY. IF ONE PERSON WAS lNJURED MORE THAN 
ONCE, CONSIDER EACH INJURY SEPARATELY. IF MORE THAN 3 
INJURIES OCCURRED IN THE PAST 12 MONTHS, PLEASE PROVIDE 
PERSON NO. FROM 0.11 
PERSON NUMBERS FROM QUESTEON II 
M a .  Please Indlcate the 84d. Describe how injury happened: 
data of this injury. injured? Refer to LIST E for body 
parts codes and select all thal apply: 
QDOWBCDQCE 
mmmmmamC@ + 848. Describe what the lnjured person was doing 
1 at the time of the injury: 
84c, What kind of Fnjury was it? Refer to + 
LIST F for kind of Injury codes and 84f. OTHER THAN THE DAY OF THE INJURY, how 
select all that apply: many FULL days of scheduled work did the 
O o U G D o ~ m m m m m  injured person mlss as a result of the Inlury? 
mK3mmmmmmm'mta mmm 
I- mmmmmmmmm I m o o o m m ~ m ~ ~  
84g. Was the lnjured person working at a job off the farm at the tlme of thls Injury? 
I 
O Yes O N O  
841, Was the activlty the lnjured person was ddng at the time of thls lnjuty part of the person's usual job tasks? O Yes 0 No 
,7~~q,>v~~~~,;fi~$~$yg&nmmT&gg $&ThaTent+cfi&ib& ,n smer wbrk ~ ~ i G j t [ & . ~ g g a ~ ; ~ ~ " y + * ? Y < F  .r---'.-?v-7~y~----- m r  
84k. Dld the Injured parson permanently change hlslher off-the-lob actlvlties because of this injury? O Yes O No 
INJURY2 , IDENTlWINJ - PERSON NO. FROM Q. 11 
(NEXT MOST RECENT) PERSON NUMBERS FROM QUESTION 11 ' ~ u B B @ B o ~ ~ ~ ~ o @ B @ o  
84a. Please Indlcate the 846. Describe how injury happened: 
date of thls Injury. 
parts codes and select alJ that apply: 
mmm~4Qmmm 
@mm~~z'K3JK4Q.3@% 
Me. What Wnd of Injury was It? Refer to 
84f. OTHER THAN THE DAY OF THE IMJUIW, how 
select all that apply: many RILL days of scheduled work did T h e  
mommmommamo lnjured person miss as a result of the injury? 
m ~ ~ - 4 m ~ ! 3 @ m ~ ~ m m  
m m m @ ! B ~ ~ ~ m @ @  
I @Q@CDa00Q@@ 
us. was the rnjured person worklng at a bb off the farm st the time of this injury? 
1 
O Y e s  0 No 
, - -.,- - *- -q?,n--l^. -.;< - >-- .- .- 
84h'nid the injured pewoh' miss m6r;han haw nf the day from work on the day a this l$u'~y?-' J ,?5--cam? 
841. Was the actlaty the Injured pwson was doing al the tlme ofthls lnjury part of the person's usual job tasks? 0 Yes a NO 
. . . .% ---,- - . . r - - r - - t r -  -7. - --r ?<- + 
E4j. Did the-Giissrson m a i i  Fe%%hent change in H a e r  wr3( actiiities because bt this inwry? Byg  -"'T-yJNg 
84k Dfd the injured person permanently change hl&lher off-thejob activities bemuse at thfs Injury? O Yes Q No 
I PAGE 11 II 
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Three Variable Models for Continuous Variables—Right Ear 
Model Third Variable Adjusted ORs, p-value, 95% CI 
  500 1000 2000 3000 4000 6000 8000 LPTA HPTA 
HTL+age Marital Status 1.01, 0.27, 0.96-1.01 
1.02, 0.13, 
1.00-1.04 
1.01, 0.17, 
1.00-1.04 
1.00, 0.97, 
0.98-1.02 
1.00, 0.69, 
0.99-1.02 
1.01, 0.45, 
0.99-1.02 
1.00, 0.99, 
0.98-1.02 
1.02, 0.17, 
0.99-1.05 
1.00, 0.78, 
0.98-1.02 
HTL+age Education 1.01, 0.644, 0.98-1.03 
1.04, 0.82, 
1.00-1.04 
1.01, 0.16, 
1.00-1.04 
1.00, 0.91, 
0.98-1.02 
1.00, 0.76, 
0.99-1.02 
1.01, 0.44, 
0.99-1.02 
1.00, 0.96, 
0.98-1.02 
1.02, 0.16, 
0.99-1.05 
1.00, 0.75, 
0.98-1.02 
HTL+age Other Tobacco 1.01, 0.675, 0.98-1.03 
1.02, 0.16, 
1.00-1.04 
1.01, 0.21, 
0.99-1.03 
1.00, 0.84, 
0.98-1.02 
1.00, 0.62, 
0.99-1.02 
1.01, 0.29, 
0.99-1.03 
1.00, 0.81, 
0.98-1.02 
1.02, 0.21, 
0.99-1.05 
1.00, 0.70, 
0.98-1.02 
HTL+age Current Smoker 1.01, 0.60, 0.98-1.03 
1.02, 0.11, 
1.00-1.04 
1.01, 0.17, 
0.99-1.03 
1.00, 0.87, 
0.98-1.02 
1.00, 0.77, 
0.99-1.02 
1.01, 0.41, 
0.99-1.02 
1.00, 0.96, 
0.98-1.02 
1.02, 0.15, 
0.99-1.05 
1.00, 0.80, 
0.98-1.02 
HTL+age Past Smoker 1.01, 0.60, 0.98-1.03 
1.02, 0.11, 
1.00-1.04 
1.01, 0.16, 
1.00-1.03 
1.00, 0.89, 
0.98-1.02 
1.00, 0.77, 
0.99-1.02 
1.01, 0.41, 
0.99-1.02 
1.00, 0.95, 
0.98-1.02 
1.02, 0.15, 
0.99-1.05 
1.00, 0.79, 
0.98-1.02 
HTL+age 
Drink alcohol 
within the past 
12 months 
1.01, 0.61, 
0.98-1.03 
1.02, 0.12, 
1.00-1.04 
1.01, 0.17, 
1.00-1.03 
1.00, 0.86, 
0.98-1.02 
1.00, 0.81, 
0.99-1.02 
1.01, 0.43, 
0.99-1.02 
1.00, 0.95, 
0.98-1.02 
1.02, 0.16, 
0.99-1.05 
1.00, 0.85, 
0.98-1.02 
HTL+age Ever drank alcohol 
1.01, 0.58, 
0.98-1.03 
1.02, 0.10, 
1.00-1.04 
1.01, 0.16, 
1.00-1.03 
1.00, 0.92, 
0.98-1.02 
1.00, 0.75, 
0.99-1.02 
1.01, 0.41, 
0.99-1.02 
1.00, 0.93, 
0.98-1.02 
1.02, 0.15, 
0.99-1.05 
1.00, 0.79, 
0.98-1.02 
HTL+age Total annual sales 
1.01, 0.58, 
0.98-1.03 
1.02, 0.90, 
1.00-1.04 
1.02, 0.12, 
1.00-1.04 
1.00, 0.95, 
0.99-1.02 
1.00, 0.56, 
0.99-1.02 
1.01, 0.40, 
0.99-1.02 
1.00, 0.97, 
0.98-1.02 
1.02, 0.12, 
0.99-1.05 
1.00, 0.64, 
0.98-1.02 
HTL+age Total animals 1.01, 0.59, 0.98-1.03 
1.00, 0.89, 
0.99-1.00 
1.01, 0.15, 
1.00-1.03 
1.00, 0.89, 
0.98-1.02 
1.00, 0.80, 
0.99-1.02 
1.01, 0.42, 
0.99-1.02 
1.00, 0.92, 
0.98-1.02 
1.02, 0.15, 
0.99-1.05 
1.00, 0.81, 
0.98-1.02 
HTL+age 
Time spent on 
someone else's 
farm 
1.01, 0.56, 
0.98-1.03 
1.02, 0.09, 
1.00-1.04 
1.02, 0.14, 
1.00-1.04 
1.00, 0.98, 
0.98-1.02 
1.00, 0.70, 
0.99-1.02 
1.01, 0.51, 
0.99-1.02 
1.00, 0.83, 
0.98-1.02 
1.02, 0.13, 
0.99-1.05 
1.00, 0.81, 
0.98-1.02 
HTL+age % of time spent farming 
1.01, 0.33, 
1.00-1.01 
1.02, 0.07, 
1.00-1.04 
1.02, 0.13, 
1.00-1.04 
1.00, 0.94, 
0.98-1.02 
1.00, 0.75, 
0.99-1.02 
1.01, 0.39, 
0.99-1.03 
1.00, 0.90, 
0.98-1.02 
1.02, 0.11, 
0.99-1.05 
1.00, 0.76, 
0.98-1.02 
 
Three Variable Models for Continuous Variables—Left Ear 
Model Third Variable Adjusted ORs, p-values, 95% CI 
  Left Ear 
  500 1000 2000 3000 4000 6000 8000 LPTA  HPTA 
HTL+age Marital Status 1.03, 0.04, 1.00-1.05 
1.02, 0.10, 
1.00-1.04 
1.00, 0.77, 
0.99-1.02 
1.01, 0.43, 
0.99-1.02 
1.01, 0.46, 
0.99-1.02 
1.01, 0.08, 
1.00-1.03 
1.01, 0.48, 
0.99-1.02 
1.02, 0.14, 
1.00-1.04 
1.01, 0.24, 
0.99-1.03 
 HTL+age 
Education 1.03, 0.04, 1.00-1.05 
1.02, 0.10, 
1.00-1.04 
1.00, 0.77, 
0.98-1.02 
1.01, 0.42, 
0.99-1.02 
1.01, 0.49, 
0.99-1.02 
1.01, 0.09, 
1.00-1.03 
1.01, 0.57, 
0.99-1.02 
1.02, 0.14, 
0.99-1.04 
1.01, 0.24, 
0.99-1.03 
HTL+age Other Tobacco 1.03, 0.07, 1.00-1.05 
1.02, 0.17, 
0.99-1.04 
1.00, 0.75, 
0.99-1.02 
1.01, 0.52, 
0.99-1.02 
1.01, 0.56, 
0.99-1.02 
1.01, 0.06, 
1.00-1.03 
1.01, 0.41, 
0.99-1.02 
1.02, 0.23, 
0.99-1.04 
1.01, 0.26, 
0.99-1.03 
HTL+age Current Smoker 1.03, 0.04, 1.00-1.05 
1.02, 0.10, 
1.00-1.04 
1.00, 0.95, 
0.98-1.02 
1.01, 0.46, 
0.99-1.02 
1.01, 0.51, 
0.99-1.02 
1.01, 0.09, 
1.00-1.03 
1.01, 0.57, 
0.99-1.02 
1.02, 0.15, 
0.99-1.04 
1.01, 0.28, 
0.99-1.03 
HTL+age Past Smoker 1.03, 0.04, 1.00-1.05 
1.02, 0.10, 
1.00-1.04 
1.00, 0.76, 
0.99-1.02 
1.01, 0.43, 
0.99-1.02 
1.01, 0.50, 
0.99-1.02 
1.01, 0.09, 
1.00-1.03 
1.01, 0.53, 
0.99-1.02 
1.02, 0.14, 
0.99-1.04 
1.01, 0.26, 
0.99-1.03 
HTL+age 
Drink alcohol 
within the past 
12 months 
1.03, 0.05, 
1.00-1.05 
1.02, 0.11, 
1.00-1.04 
1.00, 0.81, 
0.99-1.02 
1.01, 0.44, 
0.99-1.02 
1.01, 0.51, 
0.99-1.02 
1.01, 0.09, 
1.00-1.03 
1.01, 0.54, 
0.99-1.02 
1.02, 0.16, 
0.99-1.04 
1.01, 0.27, 
0.99-1.03 
HTL+age Ever drank alcohol 
1.03, 0.04, 
1.00-1.05 
1.02, 0.08, 
1.00-1.04 
1.00, 0.75, 
0.99-1.02 
1.01, 0.41, 
0.99-1.02 
1.01, 0.49, 
0.99-1.02 
1.01, 0.09, 
1.00-1.03 
1.01, 0.57, 
0.99-1.02 
1.02, 0.13, 
1.00-1.04 
1.01, 0.26, 
0.99-1.03 
HTL+age Total annual sales 
1.03, 0.02, 
1.00-1.05 
1.02, 0.05, 
1.00-1.04 
1.01, 0.54, 
0.99-1.02 
1.01, 0.43, 
0.99-1.02 
1.01, 0.27, 
0.99-1.03 
1.01, 0.05, 
1.00-1.03 
1.01, 0.47, 
0.99-1.02 
1.02, 0.07, 
1.00-1.04 
1.01, 0.14, 
1.00-1.03 
HTL+age Total animals 1.03, 0.04, 1.00-1.05 
1.02, 0.10, 
1.00-1.04 
1.00, 0.75, 
0.98-1.02 
1.01, 0.43, 
0.99-1.02 
1.01, 0.53, 
0.99-1.02 
1.01, 0.09, 
1.00-1.03 
1.01, 0.53, 
0.99-1.02 
1.02, 0.13, 
1.00-1.04 
1.01, 0.27, 
0.99-1.03 
HTL+age 
Time spent on 
someone else's 
farm 
1.03, 0.04, 
1.00-1.05 
1.02, 0.10, 
1.00-1.04 
1.00, 0.71, 
0.99-1.02 
1.01, 0.43, 
0.99-1.02 
1.01, 0.42, 
0.99-1.02 
1.01, 0.07, 
1.00-1.03 
1.01, 0.63, 
0.99-1.02 
1.02, 0.13, 
1.00-1.04 
1.01, 0.21, 
0.99-1.03 
HTL+age % of time spent farming 
1.03, 0.04, 
1.00-1.05 
1.02, 0.08, 
1.00-1.04 
1.00, 0.72, 
0.99-1.02 
1.01, 0.43, 
0.99-1.02 
1.01, 0.45, 
0.99-1.02 
1.01, 0.08, 
1.00-1.03 
1.01, 0.64, 
0.99-1.02 
1.02, 0.12, 
1.00-1.04 
1.01, 0.25, 
0.99-1.03 
 
Three Variable Models for Continuous Variables—Binaural and Worse Ear 
Model Third Variable Adjusted ORs, p-values, 95% CI 
  500 1000 2000 3000 4000 6000 8000 Worse Ear 
HTL+age Marital Status 1.02, 0.15, 0.99-1.05 
1.02, 0.06, 
1.00-1.05 
1.01, 0.35, 
0.99-1.03 
1.00, 0.64, 
0.99-1.02 
1.01, 0.54, 
0.99-1.03 
1.02, 0.12, 
1.00-1.03 
1.00, 0.89, 
0.98-1.02 
1.02, 0.11, 
1.00-1.04 
HTL+age Education 1.02, 0.15, 0.99-1.05 
1.03, 0.05, 
1.00-1.05 
1.01, 0.34, 
0.99-1.03 
1.00, 0.65, 
0.99-1.02 
1.01, 0.49, 
0.99-1.03 
1.02, 0.10, 
1.00-1.03 
1.00, 0.97, 
0.98-1.02 
1.02, 0.12, 
1.00-1.04 
HTL+age Other Tobacco 1.02, 0.19, 0.99-1.05 
1.02, 0.10, 
1.00-1.05 
1.01, 0.47, 
0.99-1.03 
1.00, 0.76, 
0.99-1.02 
1.01, 0.51, 
0.99-1.03 
1.02, 0.07, 
1.00-1.03 
1.00, 0.70, 
0.98-1.02 
1.02, 0.14, 
0.99-1.04 
HTL+age Current Smoker 1.02, 0.14, 0.99-1.05 
1.02, 0.06, 
1.00-1.05 
1.01, 0.37, 
0.99-1.03 
1.00, 0.70, 
0.99-1.02 
1.01, 0.56, 
0.99-1.03 
1.02, 0.11, 
1.00-1.03 
1.00, 0.95, 
0.98-1.02 
1.02, 0.13, 
1.00-1.04 
HTL+age Past Smoker 1.02, 0.14, 0.99-1.05 
1.02, 0.05, 
1.00-1.05 
1.01, 0.34, 
0.99-1.03 
1.00, 0.68, 
0.99-1.02 
1.01, 0.56, 
0.99-1.02 
1.02, 0.11, 
1.00-1.03 
1.00, 0.93, 
0.98-1.02 
1.02, 0.12, 
1.00-1.04 
HTL+age 
Drink alcohol 
within the past 12 
months 
1.02, 0.15, 
0.99-1.05 
1.02, 0.06, 
1.00-1.05 
1.01, 0.37, 
0.99-1.03 
1.00, 0.69, 
0.99-1.02 
1.01, 0.58, 
0.99-1.02 
1.02, 0.12, 
1.00-1.03 
1.00, 0.93, 
0.98-1.02 
1.02, 0.13, 
1.00-1.04 
HTL+age Ever drank alcohol 
1.02, 0.13, 
0.99-1.05 
1.02, 0.05, 
1.00-1.05 
1.01, 0.34, 
0.99-1.03 
1.00, 0.65, 
0.99-1.02 
1.01, 0.55, 
0.99-1.03 
1.02, 0.11, 
1.00-1.03 
1.00, 0.98, 
0.98-1.02 
1.02, 0.11, 
1.00-1.04 
HTL+age Total annual sales 1.02, 0.10, 0.99-1.05 
1.02, 0.03, 
1.00-1.05 
1.01, 0.23, 
0.99-1.03 
1.01, 0.50, 
0.99-1.02 
1.01, 0.32, 
0.99-1.03 
1.02, 0.08, 
1.02-1.04 
1.00, 0.83, 
0.98-1.02 
1.02, 0.06, 
1.00-1.04 
HTL+age Total animals 1.02, 0.13, 0.99-1.05 
1.02, 0.05, 
1.00-1.05 
1.01, 0.33, 
0.99-1.03 
1.00, 0.68, 
0.99-1.02 
1.01, 0.59, 
0.99-1.02 
1.02, 0.11, 
1.00-1.03 
1.00, 0.83, 
0.98-1.02 
1.02, 0.12, 
1.00-1.04 
HTL+age 
Time spent on 
someone else's 
farm 
1.02, 0.13, 
0.99-1.05 
1.02, 0.05, 
1.00-1.05 
1.01, 0.31, 
0.99-1.03 
1.01, 0.60, 
0.99-1.02 
1.01, 0.48, 
0.99-1.02 
1.02, 0.12, 
1.00-1.03 
1.00, 0.97, 
0.98-1.02 
1.02, 0.11, 
1.00-1.04 
HTL+age % of time spent farming 
1.02, 0.12, 
0.99-1.05 
1.03, 0.04, 
1.00-1.05 
1.01, 0.32, 
0.99-1.03 
1.00, 0.64, 
0.99-1.02 
1.01, 0.51, 
0.99-1.03 
1.02, 0.10, 
1.00-1.04 
1.00, 0.94, 
0.98-1.02 
1.02, 0.12, 
1.00-1.04 
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Three Variable Models for Categorical Variables—Right Ear 
500 1000 2000 3000 4000 6000 8000 LPTA HPTA 
HTL+age Marital Status 0.50, 0.26, 0.15-1.67 
1.93, 0.13, 
0.83-4.50 
1.28, 0.54, 
0.58-2.83 
0.76, 0.44, 
0.38-1.52 
1.36, 0.40, 
0.67-2.74 
1.90, 0.18, 
0.85-4.23 
0.86, 0.67, 
0.42-1.75 
1.83, 0.15, 
0.80-4.18 
1.53, 0.26, 
0.74-3.18 
HTL+age Education 1.02, 0.90, 0.74-1.40  
1.82, 0.16, 
0.78-4.23 
1.21, 0.63, 
0.55-2.67 
0.73, 0.36, 
0.37-1.44 
1.31, 0.46, 
0.65-2.64 
2.25, 0.47, 
1.01-5.00 
0.89, 0.73, 
0.45-1.74 
1.75, 0.19, 
0.77-4.00 
1.52, 0.26, 
0.73-3.16 
HTL+age Other Tobacco 0.49, 0.25, 0.14-1.64 
1.66, 0.26, 
0.69-4.00 
1.11, 0.79, 
0.49, 2.51 
0.71, 0.34, 
0.36-1.43 
1.33, 0.42, 
0.66-2.68 
2.14, 0.06, 
0.97-4.75 
0.98, 0.96, 
0.47-2.04 
1.58, 0.29, 
0.67-3.73 
1.51, 0.26, 
0.73-3.13 
HTL+age Current Smoker 
0.48, 0.24, 
0.14-1.61 
1.83, 0.16, 
0.79-4.26 
1.20, 0.65, 
0.55-2.64 
0.73, 0.36, 
0.37-1.43 
1.29, 0.47, 
0.65-2.59 
2.17, 0.06, 
0.98-4.79 
0.91, 0.80, 
0.44-1.87 
1.79, 0.17, 
0.78-4.10  
1.47, 0.29, 
0.72-3.03 
HTL+age Past Smoker 0.48, 0.23, 0.14-1.59 
1.83, 0.16, 
0.79-4.24 
1.22, 0.62, 
0.56-2.68 
0.73, 0.37, 
0.37-1.45 
1.30, 0.46, 
0.65-2.60 
2.18, 0.05, 
0.99-4.84 
0.90, 0.77, 
0.45-1.81 
1.77, 0.17, 
0.77-4.04 
1.48, 0.29, 
0.72-3.05 
HTL+age 
Drink alcohol 
within the past 
12 months 
0.48, 0.23, 
0.14-1.60 
1.83, 0.16, 
0.79-4.24 
1.22, 0.63, 
0.56-2.66 0.73, 0.36, 0.36-1.44 
1.27, 0.49, 
0.64-2.55 
2.22, 0.05, 
1.00-4.94 
0.89, 0.76, 
0.43-1.83 
1.77, 0.18, 
0.78-4.03 
1.44, 0.32, 
0.70-2.97 
HTL+age Ever drank alcohol 
0.42, 0.25, 
0.15-1.64 
1.86, 0.15, 
0.80-4.30 
1.22, 0.63, 
0.55-2.67 
0.74, 0.38, 
0.37-1.46 
1.30, 0.46, 
0.65-2.62 
2.18, 0.05, 
0.99-4.84 
0.90, 0.77, 
0.44-1.84 
1.79, 0.17, 
0.79-4.09 
1.48, 0.30, 
0.71-3.06 
HTL+age Total annual sales 
0.42, 0.25, 
0.15-1.64 
1.89, 0.14, 
0.81-4.42 
1.32, 0.50, 
0.59-2.93 
0.79, 0.51, 
0.40-1.59 
1.50, 0.27, 
0.73-3.05 
2.19, 0.06, 
0.98-4.87 
0.95, 0.87, 
0.49-1.84 
1.87, 0.14, 
0.81, 4.32 
1.51, 0.27, 
0.72-3.15 
HTL+age Total animals 0.48, 0.23, 0.14-1.60 
1.83, 0.16, 
0.79-4.26 
1.23, 0.61, 
0.56-2.70 
0.74, 0.38, 
0.37-1.46 
1.28, 0.49, 
0.64-2.55 
2.15, 0.06, 
0.97-4.75 
0.88, 0.71, 
0.44-1.76 
1.77, 0.17, 
0.78-4.04 
1.45, 0.31, 
0.71-2.99 
HTL+age 
Time spent on 
someone else's 
farm 
0.47, 0.22, 
0.14-1.58 
1.84, 0.16, 
0.79-4.31 
1.27, 0.57, 
0.57-2.82 
0.75, 0.40, 
0.38-1.47 
1.30, 0.47, 
0.64-2.62 
2.08, 0.07, 
0.94-4.62 
0.88, 0.71, 
0.46-1.68 
1.75, 0.19, 
0.76-4.02 
1.45, 0.32, 
0.70-3.02 
HTL+age % of time spent farming 
0.50, 0.26, 
0.15-1.68 
2.01, 0.11, 
0.86-4.70 
1.34, 0.47, 
0.61-3.00 
0.71, 0.32, 
0.35-1.41 
1.26, 0.51, 
0.63-2.55 
2.12, 0.07, 
0.95-4.73 
0.88, 0.73, 
0.43-1.83 
1.94, 0.12, 
0.84-4.45 
1.45, 0.32, 
0.70-3.01 
 
 
 Three Variable Models for Categorical Variables—Left Ear 
Model Third Variable Adjusted ORs, p-values, 95% CI   
  500 1000 2000 3000 4000 6000 8000 LPTA HPTA 
HTL+age Marital Status 1.71, 0.23, 0.71-4.13 
1.81, 0.18, 
0.77-4.29 
1.07, 0.86, 
0.52-2.22 
1.63, 0.17, 
0.82-3.23 
1.21, 0.60, 
0.59-2.46 
1.90, 0.12, 
0.85-4.23 
1.55, 0.25, 
0.74-3.26 
1.14, 0.75, 
0.50-2.60 
1.96, 0.07, 
0.94-4.06 
HTL+age Education 1.67, 0.25, 0.69-4.01 
1.74, 0.20, 
0.74-4.06 
1.10, 0.80, 
0.54-2.23 
1.77, 0.11, 
0.89-3.51 
1.14, 0.71, 
0.57-2.31 
2.25, 0.05, 
1.01-5.00 
1.43, 0.35, 
0.68-2.99 
1.04, 0.92, 
0.46-2.35 
2.07, 0.05, 
1.00-4.30 
HTL+age Other Tobacco 1.37, 0.51, 0.54-3.48 
1.45, 0.41, 
0.60-3.53 
1.00, 0.99, 
0.49-2.06 
1.75, 0.11, 
0.88-3.48 
1.13, 0.74, 
0.56-2.27 
2.14, 0.06, 
0.97-4.75 
1.58, 0.23, 
0.75-3.31 
0.89, 0.78, 
0.38-2.07 
2.04, 0.06, 
0.99-4.21 
HTL+age Current Smoker 
1.71, 0.24, 
0.71-4.12 
1.69, 0.23, 
0.72-3.96 
1.08, 0.84, 
0.53-2.18 
1.73, 0.12, 
0.87-3.43 
1.13, 0.73, 
0.57-2.27 
2.17, 0.06, 
0.98-4.79 
1.41, 0.35, 
0.68-2.93 
1.03, 0.95, 
0.46-2.31 
2.01, 0.06, 
0.97-4.13 
HTL+age Past Smoker 1.65, 0.26, 0.69-3.98 
1.71, 0.22, 
0.73-4.00 
1.10, 0.80, 
0.54-2.23 
1.75, 0.11, 
0.88-3.46 
1.14, 0.72, 
0.57-2.28 
2.18, 0.05, 
0.99-4.84 
1.42, 0.35, 
0.69-2.94 
1.04, 0.93, 
0.46-2.34 
2.02, 0.06, 
0.98-4.17 
HTL+age 
Drink alcohol 
within the past 
12 months 
1.68, 0.25, 
0.70-4.05 
1.74, 0.20, 
0.74-4.08 
1.09, 0.80, 
0.54-2.21 
1.73, 0.12, 
0.88-3.42 
1.12, 0.74, 
0.56-2.25 
2.24, 0.05, 
1.00-4.94 
1.44, 0.33, 
0.70-2.98 
1.02, 0.96, 
0.45-2.30 
1.99, 0.06, 
0.96-4.10 
HTL+age Ever drank alcohol 
1.71, 0.23, 
0.71-4.12 
1.76, 0.20, 
0.75-4.11 
1.10, 0.80, 
0.54-2.23 
1.76, 0.11, 
0.89-3.49 
1.13, 0.74, 
0.56-2.27 
2.18, 0.05, 
0.99-4.84 
1.39, 0.37, 
0.67-2.88 
1.04, 0.92, 
0.46-2.34 
2.02, 0.06, 
0.98-4.18 
HTL+age Total annual sales 
1.76, 0.21, 
0.73-4.36 
1.95, 0.30, 
0.82-4.61 
1.22, 0.59, 
0.60-2.50 
1.98, 0.06, 
0.98-3.99 
1.34, 0.42, 
0.66-2.74 
2.19, 0.06, 
0.98-4.87 
1.53, 0.27, 
0.72-3.22 
1.13, 0.76, 
0.50-2.58 
2.08, 0.05, 
1.00-4.33 
HTL+age Total animals 1.66, 0.26, 0.69-4.00 
1.71, 0.22, 
0.73-4.01 
1.10, 0.79, 
0.54-2.24 
1.74, 0.11, 
0.88-3.43 
1.12, 0.75, 
0.56-2.25 
2.15, 0.06, 
0.97-4.75 
1.43, 0.33, 
0.69-2.96 
1.04, 0.93, 
0.46-2.34 
1.98, 0.06, 
0.96-4.08 
HTL+age 
Time spent on 
someone else's 
farm 
1.64, 0.27, 
0.68-3.95 
1.69, 0.23, 
0.72-3.95 
1.11, 0.77, 
0.55-2.26 
1.81, 0.09, 
0.91-3.60 
1.16, 0.68, 
0.57-2.34 
2.08, 0.07, 
0.94-4.62 
1.36, 0.41, 
0.65-2.83 
1.05, 0.90, 
0.46-2.83 
2.07, 0.06, 
1.00-4.29 
HTL+age % of time spent farming 
1.71, 0.23, 
0.71-4.13 
1.80, 0.18, 
0.77-4.24 
1.16, 0.68, 
0.57-2.37 
1.72, 0.12, 
0.86-3.41 
1.13, 0.73, 
0.56-2.29 
2.12, 0.07, 
0.96-4.73 
1.38, 0.39, 
0.66-2.89 
1.09, 0.84, 
0.48-2.47 
1.98, 0.07, 
0.96-4.08 
 Three Variable Models for Categorical Variables—Binaural Averages 
Model Third Variable Adjusted ORs, p-values, 95% CI 
  500 1000 2000 3000 4000 6000 8000 Worse Ear 
HTL+age Marital Status 2.36, 0.04, 
1.04, 5.35 
2.83, 0.01, 
0.51-1.20 
1.26, 0.56, 
0.59-2.70 
1.88, 0.08, 
0.93-3.82 
1.29, 0.49, 
0.62-2.67 
2.67, 0.04, 
1.03-6.91 
1.21, 0.63, 
0.56-2.61 
1.64, 0.17, 
0.81-3.32 
HTL+age Education 2.14, 0.07, 
0.95-4.82 
2.53, 0.02, 
1.13-5.64 
1.32, 0.46, 
0.63-2.77 
1.84, 0.09, 
0.95-1.00 
1.23, 0.58, 
0.59-2.54 
3.00, 0.02, 
1.16-7.78 
1.15, 0.73, 
0.54-2.44 
1.76, 0.11, 
0.87-3.54 
HTL+age Other Tobacco 1.90, 0.14, 
0.82-4.42 
2.37, 0.04, 
1.03-5.46 
1.20, 0.63, 
0.56-2.57 
1.80, 0.10, 
0.89-3.66 
1.23, 0.58, 
0.59-2.53 
2.86, 0.03, 
1.11-7.38 
1.32, 0.48, 
0.61-2.84 
1.74, 0.12, 
0.87-3.50 
HTL+age Current Smoker 2.18, 0.06, 0.97-4.90 
2.55, 0.02, 
1.14-5.69 
1.31, 0.47, 
0.63-2.76 
1.81, 0.10, 
0.90-3.64 
1.22, 0.59, 
0.59-2.50 
2.93, 0.03, 
1.14-7.54 
1.17, 0.68, 
0.55-2.50 
1.73, 0.23, 
0.86-3.54 
HTL+age Past Smoker 2.13, 0.07, 0.95-4.78 
2.55, 0.02, 
1.14-5.68 
1.33, 0.45, 
0.63-2.79 
1.82, 0.09, 
0.90-3.64 
1.22, 0.59, 
0.59-2.50 
2.96, 0.03, 
1.14-7.64 
1.17, 0.69, 
0.55-2.48 
1.75, 0.12, 
0.87-3.50 
HTL+age 
Drink alcohol 
within the past 12 
months 
2.15, 0.06, 
0.96-4.84 
2.84, 0.01, 
1.25-6.45 
1.32, 0.46, 
0.63-2.76 
1.79, 0.10, 
0.89-3.60 
1.21, 0.61, 
0.59-2.47 
3.22, 0.02, 
1.24-8.37 
1.17, 0.68, 
0.55-2.50 
1.72, 0.13, 
0.86-3.43 
HTL+age Ever drank alcohol 2.18, 0.06, 0.97-4.92 
2.61, 0.02, 
1.16-5.88 
1.32, 0.46, 
0.63-2.77 
1.82, 0.09, 
0.90-3.64 
1.22, 0.60, 
0.59-2.50 
3.05, 0.02, 
1.18-7.88 
1.14, 0.73, 
0.54-2.42 
1.77, 0.11, 
0.88-3.53 
HTL+age Total annual sales 2.22, 0.06, 0.98-5.02 
2.84, 0.01, 
1.25-6.45 
1.46, 0.33, 
0.68-3.11 
2.09, 0.05, 
1.02-4.27 
1.43, 0.34, 
0.68-2.99 
2.92, 0.03, 
1.13-7.55 
1.27, 0.55, 
0.59-2.76 
2.01, 0.06, 
0.98-4.10 
HTL+age Total animals 2.14, 0.07, 0.95-4.80 
2.61, 0.02, 
1.16-5.88 
1.33, 0.46, 
0.63-2.79 
1.80, 0.10, 
0.89-3.62 
1.20, 0.62, 
0.59-2.46 
2.85, 0.03, 
1.11-7.33 
1.16, 0.70, 
0.55-2.47 
1.76, 0.11, 
0.88-3.51 
HTL+age 
Time spent on 
someone else's 
farm 
2.15, 0.07, 
0.95-4.85 
2.61, 0.02, 
1.16-5.88 
1.36, 0.42, 
0.64-2.87 
1.87, 0.08, 
0.92-3.79 
1.23, 0.57, 
0.60-2.55 
2.88, 0.03, 
1.12-7.43 
1.12, 0.75, 
0.56-2.21 
1.79, 0.10, 
0.89-3.61 
HTL+age % of time spent farming 
2.29, 0.05, 
1.01-5.17 
2.80, 0.01, 
1.25-6.31 
1.43, 0.36, 
0.67-3.04 
1.78, 0.11, 
0.88-3.60 
1.21, 0.61, 
0.58-2.50 
2.85, 0.03, 
1.10-7.36 
1.15, 0.72, 
0.54-2.45 
1.71, 0.13, 
0.85-3.46 
  
